12 United States Patent
Abbud-Antaki

US009102984B2

US 9,102,984 B2
Aug. 11, 2015

(10) Patent No.:
45) Date of Patent:

(54) SYSTEMS AND METHODS FOR
INDIVIDUALIZED FUNCTIONAL GENOMIC
PROFILING RELATED TO CANCER CELL
GROWTH

(76) Inventor: Rula Abbud-Antaki, Allison Park, PA

(US)

( *) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 57 days.

(21)  Appl. No.: 13/441,855

(22) Filed: Apr. 7,2012
(65) Prior Publication Data
US 2012/0258885 Al Oct. 11, 2012

Related U.S. Application Data
(60) Provisional application No. 61/473,222, filed on Apr.

8, 2011.
(51) Int.CL

C40B 30/06 (2006.01)

C120Q 1/68 (2006.01)

CI2N 15/113 (2010.01)

GOIN 33/50 (2006.01)

GOIN 33/574 (2006.01)
(52) U.S.CL

CPC ... C12Q 1/6886 (2013.01); GOIN 33/5011

(2013.01); CI2N 15/113 (2013.01); C120
2600/112 (2013.01); C120Q 2600/178 (2013.01);

GOIN 33/5088 (2013.01); GOIN 33/574
(2013.01); GOIN 2800/52 (2013.01)

(358) Field of Classification Search
None
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

1/2007 Chanetal. ...................... 514/44
2/2010 Abbud-Antaki .................. 435/6

2007/0010469 Al*
2010/0028863 Al*

* cited by examiner

Primary Examiner — Tracy Vivlemore
Assistant Examiner — Karen S Weller

(74) Attorney, Agent, or Firm — Acker Wood IP Law, LLC;
Gwen R. Acker Wood

(57) ABSTRACT

The present invention provides systems and methods for
identification of genes related to cancer cell growth. In par-
ticular, the present invention provides functional genomic
profiling of primary patient cells for identification of targeted
and ellicacious patient and cell-specific treatment modalities
by employing a cancer biochip system (CBCS) which dem-
onstrates improved plating efficiency, improved transfection
eificiency and improved silencing efficiency. The present
invention also provides a method of classifying a cancer
patient based on response of cancer cells of the patient to a
plurality of active agents for prediction of efficacious treat-
ment of the cancer patient.

22 Claims, 16 Drawing Sheets



US 9,102,984 B2

Sheet 1 0of 16

Aug. 11, 2015

U.S. Patent

.
.
”.,
]
“.
"
N e e P P P OO Oy TR OO O PO PO TP aY,
F]
i AN
.-__—hq.-_mu._
-l. ‘..I .L
[
-
¥
.
.
.
»'m
2
...................................................................................
e e e e T T T T T T T
v
*
»
: -y, .
) v B
. P
* - .l.l“ XN K L
- .1.n . f ﬁ F] I-I [ J o . F]
oy L-_. s et

vvvvvvvvv

lllllllllllllllllllllll r.lr.lr.lr.l'.l-..l'.l'.l—_.l'.l'.l—_.l'.l'.l'.l'.l'.l—_.l'.l'.l'.l'.lr.l—_.l A .l .l .l V. .l .l .l W= .l .l .l'.l A W= .l .l-.l-.l-.l-.l:..l-_.l-_.l-_.l-.l....l!.l-.l-.l-.lr.l_...lr.l-.l'.l'.l'.ll.
A
L |
+n

M?ﬁ& riba Buifewyy
41 M.mmw TekE ‘
wﬁ L

-
L]

m:ﬁ? \

AR

;""I?
_:_“:’:a-a-.,
5%
.ﬁ:?
S

e %ﬁﬁ mw mmﬁ
¢ ausied 3panau f

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

‘.I.ﬂ .
ey

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

L5

'.:"b"r"-

':'g.-.-.-

g,
aigpit
B
ST IR
P
o ol oL

el
it
SR A

. :-_.,_3

AN
g g g g W g W P W P Py

FELIBL
”m.\ L1l BRIE ﬁwmm
pReytets Eiinie

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

a
*
a
]
a
*
*
*
*
*
*
*
*
*
*
*
-I‘ L/
*
x, -
*
*
*
a
*
*
*
a
*
L ]
a
*
a
]
a
L ]
a
*
a
]
a
L ]
a
»
a
»
a
L ]
a
v
]
a
*
*
a
*
L ]
a
*
a
]
'
L]
a
.
'
»
a
L]
a
.
*
*
*
*
*
*
*
-IJ .
-I‘ L] N
*
llJ " L] R
"J |. [ r [ -
]
a
L]
a
‘J
L O O i i i o o o o oy oy T T o o o o o T o e e e e T e
-‘}
-‘}
.'J.
-‘}
-*J.
-'J.
*
=4
."J.
."J
-.}
*
-“r
.:,
rF
¥ -
Tk
.:5
LA A A A A AL A A A L AL A

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;
lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

saaew dynog o

chexg LG 3O L W,B OpE pue

KLU (15 © U AN
TEB BT m Heondo

.-._.l..l..l..l..l..l..l..l..l.. At e e

SHED ISR

LRl B

-l R F R F R F R R R R R R R R FEFEREER SRR R R R EFEF R SRR SRS RS RS

AdpiBy PRTEUOSIBY
GoIERes ey snunades ﬁ

GonEsdan ey onnadesyl s
.ﬁ.@mmﬁ% w SR mmm .
LAY BUBDY
mwmmmeﬁm
ﬂwﬁ SERECTRE O I

.__m-_ ........................... o e

wmmmm
gt

LIRS LR
oo pue

AR YNEIS Mieuw g

2oL GO RDUET T

............................................................................
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

LA N A R RS AR AR A AR RN R R

e LA AL S A L LA



US 9,102,984 B2

Sheet 2 0of 16

Aug. 11, 2015

U.S. Patent

S et A e i o 'y 'y .t ‘" TR I W ~ e T ; w ’ R i
“ai & T £ 5 grr g Frdospony
S SR A L R O i AR v wA sy S P
1 » l_lv.__._.-. W lIl.....- e "' 'l_”l‘ L"”IIJ. 1'....!. "t....”..l 'l...l-. x il ¥ tr kﬁ.ﬁ 1% ”.".- M “” £ T

L}
L]

[

.Iml_l.l..-..-. -
.r-nnnl.r........._.u ; l..l-.__...._.__-n.il-l.ll_...ll.- .
Ihulllln.....__.__nn.__—__.__. . . . LI - n

. ]
- L] - L] ™

ol

n
-
-

e T e .
N e RN, Be T e T
q.q.r....t............n" x .__ltq._..l..ﬂ .
- w i & bbb Jpodr & . . ko
P o S A e " O N M i »
w LI N R Sl
O a wol e R e B ¥ e e
o agb e e e e e
e LR
......r.__.t.... -.--ﬁ.
AL " )
.
o
e .
+ .
.
[ " . .
- " .
. 2" .
- = .
‘. . - "
R = o oa Fl .
II.r ) F ]
1 ra .rl.T ' r Fl .'. &
[} - & L
» B 2 a -
.........-...-."I. " a " ity w
w e o - X *
. H....” r I.lu .._”.r” .ll
;
a - - . " ar n.-_
- 1 = a EL
e S e ' '
e . e tn_-_.___.q.-....._.-.-." . ol e * .-lf
2 S A a A . ) P, Tyl
P . L N . A B e e AT u
..__ﬂ..“n.__.ﬂ . rr..f......_......-.uﬁn o A e e e o
r L] a Forodd .......-_.4 g dr b odpa . . d
. "l
» e »

-
- . ;
- » 2 - . [ . Ca
r ._“....._._ L s . : e e e
rt.___-.l_.. ) At "
) . e w

e ’ .n.mm %.. Wad
e Ll g Tt
ERERSEL 4Ts:

tﬂ....H...HiH...H...H...Hi....q...
LA N N
.r.r-“__... i dr
"ﬂ......_. LR M )
I ae g i i i
o e
) )
b ok h bk & & i b
R R
rm o Ak d g b

' O
iy * h
.....__..........!.l.r_.....r....._.

Wk bk
- n.._..r.q.l.__..r..._.r.._.........r x

- a
- a
a_dr

N LN S

L I‘.l.l"""
T

i rrrrrrdrirr -

.I..r-.l " II.._.. . __.!.__.l"._. e’ 'l - " L - - - . . .. . - .

_1I. . 1IL o] S LI -_.l L . . II. L i .__.I.l i... - » . '.'. __.'n
o 4 g T RIRR IR RANEE ST 3 LR
'..-..-.i-. ¥ ! "Il. l“ﬂl.__..._l . ..i"...li l.”i..r 1 M”—_l. = l.l.".- il .LI 1“-.-_”- wIu..-. “.-_. ' “ |ﬁm J"i .".I....I ' IJ_—_.-.“ .rn..1 .ﬁi L-.-..__. Ll”.l.".m”




US 9,102,984 B2

Sheet 3 0of 16

Aug. 11, 2015

U.S. Patent

s rr rr e s e s mm mnama s mrarr s s s s s s ar s s s s s s s s s A r s s s s s s a s s s m s wsar s s s s E o Eaam sa s s s w s maa s mE NN r Sa=a s NN Er EE NS NS EEEEFEErFrEFr S EEr Ea . Er EamrE1CrCr
Sy o ' ' ' [ ' o ' 1 T R "R i ' PR e e T T T R R S T )
T
.
.
I
a
1
Lt
[OE |
. »
I r
T
. -
.or
L] L]
L
- -
.
X '
e
L]
P
]
L
X
T
L]
oy " - . L. L. L. .
. 4w P . . - . ' - - . -
. a -._.-.l_ -._.Ill_. [ ] ' l.._..IIl. -.._.Ill_ -._.-.I.-.. .-...I!..._i .-...llli .-_.__.1 . ....Il.i Il..q.__. ¥ I a
x5 & r Aor ok korok onk o r ok &k r ir &k r §F . b X h B - ko b Fodp 1 bk x b k1
ra Wa Jroaga whor ocr @ K a b ka4 b a n & Lol L i R L-. b s a o mm oy k P
* L I L o R SR r i 0 ok W - wor Wodrr Mgk N4 X Xk K xk X ko
e .-_.-.. ._..._.r.-_. l....r....& " B a .._..._. ....._.r....k N .-..._ . . -.._..._ ...._..._..._..._ ..._..._.-..._ 1.._..._ ..._..._
. - ' L . . - . a a o - '
PR | r r r L] L] 1 - E - El
X rtll_ ' !!Il_ L 3 In.l._.... -tll_.r htI.....r Tata ..-.I.-..__ r.-.I.__.- T
o Fa [ ] Foa P Foa = rk rk FOF rk
ra
I
ra
X
o
L]
o .
o P
X k1o ¥ .
r o LI I T | 1 [} 1 1 1 1 1 [ I | ) [ I | 1 ) 1 .k
" oo r ' e ' ' ' ' o o ' ' o or T o ' o oo B Y
L . .__.._..__
roa ' ' .
r o r ¥
» roa 1.._.II.__
ra N 1
" o
ra .
I roa '
r .
X roa ..
ra r .
L] r o -
" . i
& " a k a
ra . o a
X roa ar
) N ror roE
L] LI [} l}-\
ra . ro . .
I ro roa Y '
L I E r
X " ar ' .
ra N nr 2 ] .
L] r o LI - r
" . " ..._..-.hn.._..-.l.-.._. .-.....
I o P r L N ]
= = . ' raow PR
X " - r ' & & * r ko1
. - Pk ror rhka rr R
" r o = r l.__l..._ .-..l.__l..._ -.-.l“.__
.. r o ' '
- o T O 3 F
a . e
- roa '
.. r
- 1
" .
I o
.. r
X "
.. r
L] . .
" -
L] . . -
.. - a
X .. a
.. r -
L] L] LI B
.. - e r
- . " r
a r " '
X " a '
.. r ] B
L] L] = & [}
.. r ror '
I o " o '
- r ' . a r
I . k ok a '
[ I ) E r s
L] L] r a r a 1
r . r rr
« & L] l....r - r 1
) r a . e
.k " . L '
r . - D a r
" . .i.-..._.i '
.. ' b onor r
I .. 1.-..._1 '
.. - . ' '
X .. "k k '
.. r . .
« & L] lIT”..r 1
r - r " r
P .. a '
) - -
I .. " '
.. r " '
L] L] = r 1
r . r e
.k . nr '
) r = r
.k . " ror
r . r " r ' '
E LI . m o 1
. - a
.k . A '
) r roa r
.k . " r '
r . - o r
« & L] - r 1
1 r a '
.k T . e '
r - - ok e r
.k .. X . nr
r . r S m r
" . . i — '
.. - n r
.k . . ' '
- ' “y
. . . - '
r . r "o F ok '
" . . oa ¥ '
"1 ' Laa ra '
.k .. ' ) '
. - - . '
r T nr . ' '
| - = r - 1
. & " . " r .....l. '
r . r N r '
L] . . L] r
.. - r '
.k .. e
.. - rr r
- .. ror
. - " '
- . a '
r r r 1
. .. ror '
r - or r
. a .. ror
r . r ro '
. .. .
. a r
] .. o
- ' r '
- .. " r '
N ' ro
Fl . roa '
. ' ra '
- . a
N ' o
- .. e ' LI .
. ' r ' - . - . - '
] . o . . ¥ a Fa ok .
r ' roa . l...-.........1.rl. .
- . ' Loa nh ondr ko
. ' ' . r
El L] . 1”‘ .”I.”' l”.r r
N ' ] ] '
- . ' . - r - .
- ) ‘.-.'—. .'.-.'—. 1.]‘." 1
ror . '
N ' '
- .
. ' r
ror .
. ' '
- .
N ' r
.o .
. ' '
. .
r ) 1
ror .
- ' '
ror . '
r ' .
rr .
. ' . r
- . ' . '
N ' ..._.ln._q.._..._. ) r
EI r . h ko ks &
. A A N N N I R T T R R I R T R e R R R N R R A N T R I R N T T e R T R R R R P i Xk . &k k1 k1 '
oo I = mrFrCFPCFrCFQassrrcrrrrasrrrsrrrrCrCsSerrrrrELTFCrrrrrESFESCCrCETrSTFECrCrFCOCrCOSsS s s E s rCrCrsrErFrCrCr s SN EFfEr S SN EaEr S ErErErESa =Ea s EEEFasancr 1 A w ik ow ki
= ' o ' ' ' ' ' ' o ' ' o ' oo ' ' r ' o ' ' X i I b odp ' r
" I e
- '
. .....-_.__..__ .4.__.-..-..
N ] o '
ror . . '
I '
rr
o - & & & =

a = a = I a2 ®m " m o ®E ®E ®E - 1 L ¥ I . 1 . 01 1 1 ®m 1 ®m 1 ®E . ®m ® ® 1 ®m PR R T T T T T T T T T T T T T T T T T T T T P '
r b b & b s b h s b o hh s bxrdh s s sk h s s ks s s S S S s s s s s A s s s s s ks a ba s s xrh o ra ks da ks oakh ki xr ki xriaa xrx ko xka a rxy xykxy xyra s s a s aaadraaaaaaair
(IR R R N D O I e I D R R R B R R B R R R R R R D D D D R R D D R R D R R DR " . 1 « <« ° ® 1 ® ® I ® ® ¥ 1 ¥ 1 1 ® 1 1 % 1 1 F 11 % 1 1 1 P F I F 1 FPFFFF 1 FFFFPF I FFFPFFPFrPFrrrrrrFrrrrFrrrFrrrFrrrrFrrrrrrrrrrrrrrrr kbrrr kb rrrorrr ko



US 9,102,984 B2

Sheet 4 of 16

Aug. 11, 2015

U.S. Patent

AP A A A A
e
AL
MR R

] A

o |
T
lrn.‘__Hn:mnnxv.nnxnnn:nnxnxn L
i i i
b H!HHHHHT.H.-.H x
= m x
3 nrnr._nav_anﬂ

. KA K XK

a ko f aoaa
- n.__.._.._..._.r.._.._.i .r.._......._..._H
.” et

Jroh dpode Bk

o e i

e N de o od i

. oy n.._.._.r....qnn.....q....._.......-_.q.._.._

. -nn..__n........1..._.__ni.._.__.r.rn.....v.....r....l.-_.-..-..r.-.l.-..__.r
- F r rrraorrr F kA& FI1 1

R I
.
LGl NN A

-
o
...._.H___..a....._.......
mn....q.q....q”...”.q”...
S
XM N
ENN
A
)

»
L
L
FF )
F

i
r

&
)
»
g
: wn
x W
o >
“-.__.....r...: x w
X Ay '
ataty
o deie
LN
A i

B

L]
-
L)
L]

A d 5 8 a4 a5 84 a2 a2 a8 4y a0 Fyaaaqa g a a4 4 8 g4 &

LI | N4 ) q 1
W e e T T e e e N
F O b F o o b b ok o r & o
T e e e T e a ol
e Py
o o b F
B N N A A e M R e N A R WAl o
P N A A e [l
aoa e e e e e e T e e e e Ty o
P e Pl e -
D A o i S R N ol M N A Ay e
B N MR e A A N At Al MLt N Lol
s e e e a a e L a tktki.f.a g Ty, e U 2
P ol e N A A o e L o o s L
a T e e w a a a e  a  aal a  aw Ao
P T o T N M A Ml .
I I T I I S o I g g o o o R A w X
e e N N I N I T o T Tl e Nt el o M Ny s
e e U e T T T e T e i T i L
T N L L x w
N N R N N e N N A N s
T T e a e T e e e a a a T a a Ty ol
T e S e IS - a dr dp dr de e gy dr g dr e de b oa Jf i e e dr de o de de i dr Fanry
P N N o T A A A ot W aa a aas "
e  a  a  a  a aat
.....r.-.__n.-..r.-......r.....__.__.r.__.r.-.r.._..__.........r [ T e i e A S A i
i dr o kA e dpdp e bk i dr b drdrh M A W d i
e .r.....r.-. EA .r....i .r.r.r.-...........-...........-. .....r.-...._ .....r.ri .-...........r......_ o ......_ PR .-...-. " P .....r.__ N
.*ll‘**ll**b*b*b***b*b ir &
e e N O I o o ar i S
e R S T A e i i S [ Sl S i i
O O e il Tl T S ity s '
PLIEN __.._i.r.._.r........._}......r.._l..-..l.rl..r.;..._ .rl..a.....r.._.r.;..._.._ RPN N l.-. .
.rh.r.;.h.r.r-.l.r.........-...r.rili..r.r.__.r.._.._.._iii.r.__ W .
b a b a w b b ddp o b Jr b J o O dpoa dp b b S e & J ki o
O T S S S S e e i e Sl R o i Y - .
Jodp dp dp dp Jpde B B U o b de kb b M dr ol o om b de b M M b e om b A de A R W A
b ma ddp ddr b b bl k bk ouomomoqgomomomda komy a N
P A R P
e e de A m e dr el e kR Ak A a b P
Jrdrde O Jp 0 O Jr dp e dF o Jr Jrodr O e dp O & Pi S
e R e e e T Al e S Tl T aa . X &
N S e e S S S A A P T S S e A S S T i o T e S S PR R
rdor ko dp h il 0k kb oaoa - Ak a m om b dr h kd del ol ol de de
[ R S e R Tty Sl o T e R L i
A d d ko dr A ar dom A oa A W dr o d o p A &
b b ok om b b b oam koS od b e ook Bk dodr ek rodou & dr dr dp de dp dp dpdr B o1
[ e i e S S Y P S T S S it e
R dr M oo b M Bdp b h d M de Jpo dr Jrom & bom K oa ik
2k a2 ko ad A o Bk s
[ e A N R N N NN
bk ko2 om b om ko omoak I R e S ey
R S T S S St Sy T R A S T T T S A e e T
R e e S P g e i dr
e S e A e e e T Y o e s N M O
2 b b kb B oa k mom h omon koa k hoa aa B Oh oam dra drodp el ek
A T e e A T T P R R L e T T S '
" .._.r.._..-..-..r.._..r.r.__ .....Tn.._....t.._.n-.r.i . . ..__l.__n.._.T.....r .-...1........... ny
- . mr o F F r & ] mr a > lpak & irrh i o
. [ . [ . ro d rr Fa1oroa
IR A F e e St S T T e o A N A N ...__.__ " m
- .
. T Tl e ia iy Pl ...t.q.........H..rlH....q..r..t.._l-. "-"_..
e A L N o o S I L el Sy gl Py et -
A P M LA AL AL A W N AN L L A
o w a a aea a E e
P P L N I A

b x =m ok
.rl.__.....r a s = .r....?......_.....-_.............-.
W o om kd kX RN
¥ PR RO )
A A )
ook & d A Ak M
e N )

+
»
L

- i
r r
*”*“*“..”..”*“...“*”.Hnﬂnuwn.,,.“m.un.”ﬂ. oy
L N R N e Sl aE AN
e NN N e NSO R N M
N e S R N N N N e e L o N )
O I I I T e M i
.ﬁ...._.t....._t.__............_..._.__n.........t T T
i

& & b & X P

B
¥

D e TN e e N e N N N )
PR NN S R e S e A NN
L N N o e N R N el )
e RNk ek e Nl o N A e N e Nl et W e A )
N o i
N N e NN N N A A N e g ] e e e
L ) drip ar Wy e A e e e e e e e ke b B LR R N i e b ke
B N o e e e )
D e o g e N NN NN Al )
R Al T A AL P N M i e T M e N N el A M T AL 0 A I e T N AL
B e gy e dp dr s bk dr A Ak
* a2 W - o
.....-.

o
SRR Ll M A0 A e A I R M R S N el el
e N e N N I A R N R R S N |
A e e e e T T .._......r.__..._......_.....“..__ .r........._.__.t.q.r............_.........r.r._.."-_... e .__.l”._._.___..."....'
R N R e O e N N N N W
t@.....r...l_.r..._....._.__.._.__.._...r___......_....._...r_...r.....__...r_...r.q_..-_..._....._.....n_.._._... ey
F o b N & o A r P o & o A ar r J
B I R I I T oa I e e e it gl ._.._-_“_._._ “.._._-_.___l

vatataty L L I T N N N e A
s .n.r-.r..r.......q._-___..._.4.-._..............._.-._...4.__...#4&##4#&#&&#1&%4&&11#4; N A
R Ay W

E
. b..r
. b..r

B N e e e N N e R el
P I I ar
A e e R e e e e e e BB R e e e e e b B e i e
A M e e i Ay e e iy e dp X e eyl e iyl dp e e e
L I R N o e T o e e g S T ) &
R o N e
T
H.‘lb.ﬂ.*l.‘b .J**I"**b‘b*b*?}.*b*.‘*.‘*‘.‘*
-

B NN A N A JOM N i b ke N dr dp &k g A X
EIE I ACE Rt al X NN L L SE L SENL L M DE A R A )

r i sk Fh o h ok E

RN
| o
.r.l.l_ L N ]

e

__l—_.'.-. l-l-...



US 9,102,984 B2

Sheet Sof 16

Aug. 11, 2015

U.S. Patent

. S e . o u.._ 1.._l“.-_. ) .- " I.-ln.q._ g
g L e i
RO Gl St ¥ " 3 S R

N N N N N N N N N N N I N N N N N N N N N I N . . . Vo . - . P S T T S R I T T T T T T T T T T T T e B T T S TR T B Y B T S N B Y S T B T B T I T T T T T L T T T T T B B T L L L e L e L R I
] ] PoE o E_ E o E. 1 E L B E L L 1 N N N a E N N N N N E N N N N N N N NN NN A - T T DR T P O T T O O T T I O O R A O SO R N A R A N T T - - Ll

- . r
X L L) xxE R A i i A i g A I i i i i i e i
” ..”..HHH HHU_. “ r.”..ﬂ”H“H”H.v.u..“H”H”v.”u..”H”H“H”u..HH“u..”H”H”u..”u..”u..“H”HHH“H”..-..”H”H”H”H“H”HHH”HHHHH”u..“u..“u..“H”H”H“H”H”H“H”H”H”u..””u..”F“PHF”H”H“FHH”H”F”HHHHH” u_-_” ”u..“u..”.u..HF”PHFHF“H”F“F“H“HHH“P”F” v?n.?”!”ﬁ”ﬂ”ﬂ“?”ﬂ”ﬂ“ﬂ u..”HIIIHIH”H”H”I”H”H”H”HLHHu..”HHu..“H”H”H“H”HHH”H“HHH”P”F”F”HHH”.-_”
L ”!Hu.. - -_.”..ﬂ”Hr.HHu..HHHHRHHu..HHHIHHHHHHHv_PH!..ﬂFHHu..FHHHHHHu..HHHHR..ﬂHHHHRHHHHHHHHu..HHHHHHHHRu__Hu..HHFu_.FHHHRHHHHHHu..Pu..r.u..Ru..HHHHHHHHHPHHHHHHHHHHHHHHH 4 ” v.”HHHHH”H”HHH“H”HHH“IHHHH”H“IHH“H“IHH”H“IHI“H”IHI“I”IHI“I“H”H”H“H”H“I“I“H”H”I”H“H”H“l"I”HHu__”HHH“u..“H”HHH“H“H"F”H“IHI“H“H"I“H”?. . - - ”I”H”H”HHH“H“IHH“u..”H”H“H”H”H”H”H“H“H”H”H“I"ﬂ”?”ﬂ“ﬂ“ “HHH"H“I“H"I“I"I"I"I"!"H”..ﬂHu..“H“u..Hu..“H“u__”H”HHH“H”H“HHI“H”HHH”H.—. '
LA A - LA A0 o AL & N o N A N A N A A M AN A AN N NN NN RN NN N AN NN KM N N AN NN NN NN KN NEENNESRNETE:N l XXX N N W N NN N R N N XN EXE N EXXERER N EXREEXERER R ERERRENRE NN N NN XN RN NNy = N N XX N XESRERN]N AN R KRR RERNENMNMSERHRREXMNERS~N ¥ & & & & K& 83 &% & B
A B A N N RN M M M N N RN N RE N NN M RN RN N RN KRR EN N NN N M MN N NN NN M KN N R NENERE NN LgE A N XN K EREREENEXEEEEEXEREERERXREEEREREREEXRNEXEREERESEEERERSSNNNENXELEREESREXEEESNENRN M HE N K EREREEREXEE N E XX K XN XEREXEXEN EXXEXEEEXREDXSEXEXESXEXENEERSSENXENN XN
LKA ' LI A A N AN A M AN A KRN NN N KKK KK XK XN KR NN NN NN KN N KK KA N K KM N KKK NER N NNN NN A L X X XX K REREXNKEXLREASXAKEXELEXKEREREREREREREEREREREXLRELXRENXEXEREREREREREENYEEREXNX XXX XRERERELERERESTNREAN S B LgE M X & XX XK X AKX X NEERENKSHNSENKENMEELERENRE MEXRELRERRESESENXNEMNNKEALXSERERSHNNXREXRESLREALXXX S R
g - MM A AN N N NN XXX N EXERERESRENEENENEREEEREEXNENEXENNEENEERE RN NN NN NN KEENEENERENE NN LIE A X E X X R XXX ENENETENESYESXELEXAREREELYERYEYXESYESEEENXEERESYERSEENXNYXESXEREERESTENRNEN N A E N XX N K XN XN NN EREREEERENNERERENERE A ERXEXEERETRENERESXEERESTESEREREL N XL S XL N NEN W
- - R A N M N N M N N NN NN NN ERE N MEN NN R NERENENNER NN N NN NN NN N NN NN NKENENNRENEN N A M E N R EN KRR NN NENENNERERREXERERSENNEEMNNNENEEEERENLERERERRESERESZEZXRESESEIRIRFRHMEJEDNNN N B L X 0 N X NN N N EXEREMNEXERESXERNNRERRER IHHIIHIIIIHHHIIIIIIIIIIHHIHHIHHIHH.
oA .l M A N XN AN A MENAEEEEEREEIRELALLELLAERELEAXLEXEEREXEXAEXLEXENLREX NN NMNNNNENNNENE N g A XX XEELEXEAEIRELIALALEAREXAEREELSELSERRELSELREX AL XXX EIRELEEREELESXEXNLE HER XXX L AEXELEXLEEAELELLELESELELENLXE RAXXARELEELEENXELAEERSANELEENELEREXLMNMXRESNSESLN XXX N
LA N . LA A o A M N RN N NN RN R RN XN NN RN ERNNNEX M FE A OFE N O R A AN AN A A R N RN N NN RN N l - Mo RN AEREERSNRERSNSERST®RSNERESETRERENERERRENRESLYRES XXX RENRERERERERESENTNRESYTEEREREER MR E MK A - L B X R XN N NN NN NN NN ERENERRN IHHHIHIHIHHllHIIEHIHHHIIIHIHHHIHHHF.
A L] B ¢ A N R N M M N N MM NN REREMNEEREXEEXERERERENX NN XXX XEXEXEXERERXENMMNNNNEMNMNEREDNLERILEN LIE M XX XN ERENNEXEXEMEEENEIEXEXEREXEEXEELERESEXERNNEEEYXESILEETERERERESYXEXEXEERENLE X E X B XN M A KM KRR AN NN EERENNEEERERERESXXE R AXEXEEREXRERNED:SDZI IIHHHHPHHHIHIHHHFH
LM A N . R R N M K M M M A A KN MK MK RN AN KKK N KN EMNNNREXEKERSENXEREXRERRANEN NN MNNKENEENERERESNTN N A AR MK N KX N MR NN XK NKEREANMNRESLXERERSRSH®ENNNELRERHNNNXKENLRETLXEELXEEXSNXRELSERERERIERHS SN M B L A A A KKK N KK NENNEEENEERLRELRERERERERERENXRESXNERESLRERESEXN X I L
H h - [ PE A M O A N N N N AW RN AR RN NN ER N ERE RN N NN NN NN ERENHERENEREEEREEN NN NN XENEREEREEEF NN L A X X X X REXENESEALERESEELXESX TSRS RESYESLES XL ENERENRESXYEN TR EERESSENR YN NN HHFHHHHHHHHHHHHHHHHIHHHHHHHIHIHH A X ERE X XREESX X A ER X XEXNESRERENXEXEE N NLNM
LN - SN AN R XM ENNERNEENEEN NN A O X X R EXREREXRERSERNERNXERENREMMNMEEERNRERSMSESXSEREHSENTERDNZEXERESLEXRENEXERERERSZ IR L - lHIHHHHHHHHIHHHHHHH}IIHHH E_X_JERE AR RENKXE XX RRE N HI“HHIIHHHHHIHHFHF '
s (O X X A N R K A MKENKEENAEREXEREXEENENEXNNEENEENLEEEXEEREXE IHHHHHF!HHHHHHPHHHHRH LE A XK XXX XL LREERENELELEELELELELAEAELEELEELEXAALEAERESELYEXENLELEERESSSEH AKX REXREX N X L X A N XXX A X AN ALERENEXNR x KX X XK XX EXEELXREENESXXT KA REEXENKXXNRESNNMN-"
L] q - LA PE o A A N o N RN N N KRR NN ENEREREN TR N NN NENKENEREXERENT FEJEFE & & X X R XK X & & & & & 5N FE N l Mo R RN R RN XEERESSERESXNENNERREANERRERHERMNHSESEHNMSSNELRERERENERESYRERERERESEYERERESY L - L & N R RN NN M E N N XK N ERREREREHN IIHHIHHIIHIIIHIIIII ] MO N E NE KN NN A
L] B X N N E R RN RN RN EE XXX N XXX NN XX XKXEEXLEERNKERENMERLRDHNHWMNNXXEMNELENXEERMNNXEXE N LE X XERREXXREXXEDXR XX XX XXX ENREXERWRESERERIERNNLMEEERELEEYXEIERREEREXEREXTEEEFESERERESEXN N M A AN KRR ERENMNNENEREREXXRE X XA XRERELEEEELSEEXERERESRNENR A E RN EXEREXENNMNMN W
L . LI A M N AN KKK K KRN KX X KLXEXIRERXELERESLLERENNEXLEREXLRESERERSMNSENMNXEXLMENNEEXNLERENXRERST?~X 4 KX RERXXEREXMT l!vHHRHHIHHRHHIIIIIIRHHRIHIHIHHHIIII!HIHIIIIIIIIIIIHU . lr.RHHIHHHHHIHHHHHHHHHHHFIHRIHHHIHIIRHIHIIIHIIHIHIIIIIRHIHHHHHHRH.
- oo RN RN XN KN TR N EX XX XENEXERRENXEREENELEXLERENESEELERESEERENLNESEERENXEXESEXEXEREREN L L F X ERER X XXX TR N R ENNEREEXESEENEEERESERESELLYAEFEXAETRESERES RS SCEEERSER ENRESN N Y Ao A A E N AR RN ERENEREREEREENENLENEETEEETEREY T EEEESYRERNERES X A FEXERERESTRERRERERESTYEXESL LS M
- - LA A A M M N N N MK EEERRKERERIFRER:MHNERNEMNMNERENERENENMNNERERSHNMNNMWNYEMEENERMNRENN M 4 MK PN KR NMERERERSERLHNNERERERERYSERHRERERSNERHRES H®R:SXMXRERREYSERERERSIESNSEXLSRERERERREIRERESMNR®ER.X X N lu..HHIIHIHv.!HIHHHHHIIHHIIHIHHIIIHHIHIIIHIHIHIIIIIIIIIHHIHHIHIHHHH.
L] g XX X A XXX NXEAEXENERELEERESSEXEREMNRESSNMNNNLALLEEESENLXNXXMNNENTLE o A NN ALK N ERREXEREXRERE N N L A R EXXEENXAAAELILELELEELLIEIREARELELELEELILAAREREIRELREAES S ENELE X XXX LAERLEREREREASS S ¥ A MK EERXXENAALARELEREENXNXELAEREELYNAENLITEIEALTEILAREREREL XS TITRELIREELX LR EESLXLAELEXELEN XXM N
L] - LA A o & & N o X N N R R X R R X NERERRRHM®SNSEXNNSEE ] RN XN WEFE M A& N & N &N N XN XN NN - - AR K N XXX XNNFERXNENLENRESNEXNERESERENNEXENRENRESRENRESYSRERENRESNY X XN RERERERERRERRENFE XA RN L A X MR NN A N NN XXX ERENREXRESENSEEREREN KR RERNKENERETERNESERENSESXNEXRENSTRERSNKERRSMNAMNS A N
.L_ HHHFHHHHHHHHHHFHIHHIHHHIHHHHPHHHlllHHHHIHHHHHHHPHFHFHHHHHHHHHHP - LgE X X KX NN ENXEREEXEXEREREEIENREERERERESEELEEERESREXEREREEREREERESENERENYEXEEEEERERENENE S XN N EXEALXEXEXEREEMNENEEELEEEEREENEELEREXIERIRESEREN E XX EREXXRERNNXXENEXEXRERENERZEXENNNNN
L - - R o xR A A PE A A M A R X R RN X JE R A M N AW AR A X A R R A A P A P A X R A N A N RN X WA - R K XREKEXXERERERERELXITEREXREREREX X XRERRESR IEXXREXAIRERIRERREREZXTRXMERXIETIXRERERERKLRERRSXH®RRX > i w N G HIHHHHHHHHHHHHHHHHHIHHHHHHHF.
L ' Mo AN NN N EREXENEERENERENEERXEEREREER XN EEREXERERNERENNEREREREREENNEENNERENEENEERET N - LE X X KX X XXEALXTREELEXTRESTENEERELS XSRS EERESENXTERESESAENRLYEYY Y XREXEEXEEERESESN N A NN ENEREREXEEREENNEEEENEREETREX TSRS - AN NN AR XEREXEREREEEN N NN M
L - R AN MM M M W M A A A M M MM M RN M EEREEERNXERXERE NN NN NN E NN NKEREERNEMNNEREXENERENEXRE N 4 O KX R E N X N xR E N ERERIRE:MNZERESXXSREXNRESENRESRENKEXRENREIRSRE?NSENNRENXEXEXERERALRERSERREDX - lIHHH!EI!HHIIHHHHHHHHHHIHHHHHHEHHIHIHIIIHHIHHEH!HHHIIIIIIIHIHFHP.
L] [ X N X N K KX REENEEENAERENETELEEELELXELXREXLELANNEALNEXEEREREALNEEELEEXNENXENERELNNXERXNTLENN . e X X X X X N X AXEXREXX K EARELIREEILEXALAIELIALALEREEAAREERELRESE XA XZ KX XX AL XX ERNRENAHN EXXXEXXEXERENESLESLENENXLAERESXTMN A AXEXLEXAEXERERELERELARELELIRESEAXLEANLEELYEXERSRESSMSZEN NN
L] - B o o A N N N X N N A A AN A E RN R KRN ERE N NN NN NE NN NKENERNERESE AR RN N KRN TR - B ER XN XRERESSERERNSTSTIR IR RERRENKERSTRERERERERESYRENERES XTREREREYRENEESEN KL TREREREREREREENRTY ERE X & B L R X N R X N NN NN X E N MK NN EN N M E MR X N FE X XEXFERXRESXEXES XN FENRNY NN XESNERESENTERESSESLRENXEFE S R
L] D W A N N RN KRN KERE NN XN HHHHHHHHHIHHHHu..HHHIHHHHIHHIHH!HHHHHHHHHHHHHHH .rHHHHHHIHHHHHHIHﬁIHHHHIHHHHIHHHHHHHHHHHHHHHHHIHHHHHIIIHHIIHIHFH A M N N R RN NN N AN RN NN IHHHHHHI&HHHIIHHIIII X XXEXXEXEREEREEXLREXERESMNNW
LI - - LI A N A K M N N NN KN KN KK EREREXEXKERR®XMHMALXENELEEREERERENLERELTRERREREANSEREMNKEANRESNSERSMNHSDNTX N - N XX XXX ARELTREALAEREREERNEEREREREREREXEELXAEEREAIRELALAEEAEAXELREREX A ELERENEEREXYAELREREXRERERES X X & B LgE B X X K A KX N K N NN KERE NN NN NKEREREXRENEXRE EREAXKENRERERERRETHN EREEREAXIERERERERERELRERRESS X & R
L - AP AN AN N KX N KEERXENEEREESENEERERENEEREENEERERERENERERENNEE RN NN NN NERERERENNENN N L X X R X XL XA NXEXEENEEXELXESYELEXEIREESEEREEXES YN EENXEESESEESRESXRES LN XN EREXSELERESE NN - WA R XL NN ERENENENNNELEENEETREEEYESELENE BN E K E N X XER N XEXEESX N XXX ERENNEN
L - .rHHHHHHu_.HHHHIHHHIIHIIH!HIIHIIIHHu__HIHHHIHHHHHHIHHHHHHIIHHIHHHH! - B A R N N N E N E NN EREREERRESXERSYRERRENRERSREIRFES LHNMERNS NRIRE?M?M®ERSHMSENNKXENEXENRENERREDNS DN M ' L M o o M N RN MK RN M NEMNNERNERIER:MMNER R XX B X X FEX XX REREMNXERSENERERDZESERELENNNEMNN M ]
o . MK XEXEXNREENEERELXELEXEREXLEXNELENEEALNELEEEXENNNKESLENNERESLEXLNENENEMNEENXELENEXEEN . LE XX XX XX NREXEXLEELEEREREXELEALALLRELRESXEXLAENELERELENEELLEEELEALLELEXEEEXEENALEEELEENXESESEXN L AN NN KRN NMNENAAEELAEEALAERELLEAEEX XA EESYERETAREESL X EREALAERESXLREXERESX XXM N
L] F A " A T T i A i l - Mo M AN N X XN FE R XX RN & §;BREMNNJERRIEFMHRH~RESXNXERNXERERENYX RN CERNNRENXENNENERERERSNREERER.S}S . L A A o A N R A N A N AN A R AN R NN N NN NN ERERNNERESRESNEXRERNESYRERESEREREXNRESXNRERENENESENE A R
AN AL AN N NN NN ENEREENEEREXEREEREREENEENNEEREEENNEREEREXEN NN NN NEMNTLNEEEEER N L X X XK XEXREXERENEXEEREEEXERERDZESXESESELERERNENEMNELEXENEXEREERELSESXEENESXEESERESEXEERSEDNDHN .- AN A KN KN EN N EMERENEEERENEXEREERESENEEESEEREEERENESESERRSSESENERSEEXRESESNERESXESEDMN M
L A AN .iHRHHRHHRHHRIIRHIIHIIIHIHIRHHRHIIIIIHIIIHHHHRHHRHHRHFRHH!HHRHF - A AKX KX XX ELREXEERERENEXXEXEREESXXKEXERERERXKEANSAXERESXEERESXRERERASXRESNS NSNS XRERAMNANKRRSMSXX X ' L M M K N KX N KRN NN XENEREXTERERERERSLNXEELAERERERENEEEXESENXERERESRENSESERESEERESNSEX XXX ] .
A Al - A E N NN ERENEXENEERENEEREE LN AR XN XEXERXEEXERENEXENESENXENENESRENENENLENEERESENLES TN LE X X X XX E XN ERENALELN XL ELEERESEESXERSENLENNYERELEEXEYELXERSESEXSENYEEEEEESESEEESESN S Ao AN RN N ENENEREEXEEEEREENNEEEEEEE ISR EREENESAENXSEREXEREE Y EREN RN N NN M
L H.. -_HHHHHHHHHu..HI!HHHHIHIHHHHHHIHHHIHHIu..HHIHHHIHHIFHPHFHIHPHIHIIIH - X EENXERNDRXZIERES®:MZERHLMNNKNXREERIRERRESSRERRIEIR® RS S)MSE:MXM®REMRR®RS:SDNEMNRESRZXER:HNHMENRESENXERNRESERR.DX ' L M o0 a0 B B N M N M N RN M E NN ERNERREM NN MNNEREENEXELERESNEREERERRESXRMNIENRESEERERSEXRERXHNDZE N
L] A X X X E AN AR AR NN ERENTREREKEAELEENNERENENNETEXEREXEXEANLALETAELTEXRKETENEESXY - I EAXTEIREETLIRIAELILELLLLIEELILIRERELSILILIERELIAEALILARREREIRESAEAREREALLLLILILIARERES X LAE XES = HHFHPHHHHHHHHHHHHHHHIIHHHHHHHHHHlHHllHHHIFHIIHHH?HIHPHHHHHIHHIFH
L] - .iHHHHHIHHHHHIIHHIHHHIHHHHIHHHHHIHHHIHHHHHIHHHHHHHHHHIIHIIHIIHH - Mo MR N R RN NENRERA:NSEXNRENERENRENERERESSESERRENRERERSTSEXNESRESYRENNSE RSN TN NN SERERERSNNY X ENXE X XA R L A X W R X X XN XX XN NN KRN ERREREXNSERENNENYNKEXEEREREN R KEXRERSNFESNSENKREXNXTERESEERERERRRNS B
L] PLPE M AN FEE NN NN N NN EN N RN NN KRN NEEMNNNEEEREEREREREEN NN NNENEEMNEXEN NN LE A X R REX EFEXERREXENELEXELEEXEETRERESERSENESEREEEXEXEEXESEEXSEERDXSESNXNNEEREEESEXEENEEMNN M HHHHHHHHHu..HIHHHHHHHHHIHHHHHHHHIHHIHIIIIHIHHIIHHHHFPHIHHHPHH B XX AN M
LI . T N A N e A N N i N N N 4 RHHIIHIIHRIIRHIIHIIHhIHIIHHHIHIIHIHHIHIRHHIIHIHHHHIIIIIHIIIIIHH ' L M X X KN KRN X XN MNEXNNRENXKEMSMNNREMENEREEXERENLEEREREANXRENSEXREXNELERESLSELRESNETLNELTRLE L -
LA L - ME R NN N NEEXERSEXENEESEELEXENEREXENENNEENNNEXNERENNESEEREREN NN EENNEENLEEEREDN LIE N X AN X EE N RN N EEREN TN XXX X X XN XEXEXEEREEEXELEEERESELYEELEEREERESXSERSEREN N AN NN AERERXERERAEEENLERENXEEEELLESYEEXRESSESXEERESESRESERENESNENX RN NERE N XN N NN FEA A
L x - Mo A M N M N RN NN MR NN N NN RE NN NN N RN NN NN EEEN KRR NNNNNNEENENEREXEN - AKX RERXERERRERXRERTHES.SXSE®RRESMN®ERH® HHIIHH#IHHHHHHIHHHHHHIIHHHHIIHIIHHIHIIH ' lHHHHHHHIHHHHxﬂﬁxHIHHHIHIHIHIHHIHHHHHIIIIHIIHHIIHHIHHHHHIIIHHH..
A A L] « CHE A A N N R R L X X XX X EREMXNNXEXXERERXESXENXENLN o EAXXXEAXAELREXXEIAEILIRELEREN XXX EIXEEEXEXEENTEXN A AN N XX R NN NE X A AR XN NKEENEXEMNEENENEELENNEELEALEREXEEEXLALELEXEELENEXEREELENX
L] F - L P A N N OFE N BN NN N KRN R N KN M KRN NN KN RN NN NN N NENMN NN NN NNNR X X XN KN l - oo A N M B A KM ER XN R NERERAMNSJXRXE I X XK XX X RN XN KN NENKESHSNNERERESNKERERERSTE XK & B g A A A A X N PN N X RN AP A MO N N AN N N N N N AN A NN NN N N R NN N NN NN RN AN R E N NN A
A A L] P M NN M N EN RN RN N EEN R EN NN EREN N ENNENNEEREEEEN RN NENKNNNEED XXM EE RN N LE &% X AN X ERXRNEXEEXEREXEERSXSESNMSXER EXREXXXEXEXEEEREEXEXEXELEENXEEEERERERESESXERSESN - AN M KK E RN NN AR XEXXXEXEXEEREEREREXEXEYEXEXXENLENSERESRSERMNNEXEEMNENNEREMNNEMN M
L ] L FIHHRHHRHHR - - N B R R XK KK K X 4 EAXXRENEREESXIREREXAEREREXNELIRERERELRESL XL LEAEALELRERERLYEREEREREREALXSTRENRKESNXNXRESXAERENXERSERS M . L M M M AN KX N KN NN KEEREXKENENNNKEXENEENREXMNREXNENETERELENXELERELNENKRENNEREMNTEEXEELRERNMNMSS B
E H o N N L EPE M N N M NN KN N RN EENERERN KN KN NN N NN ERENNERENNEEE N NN ME R N X E RN N XN R AN A L X F E R XX FEXEXEEENENEEXELEESRELEEEXEENEREEYXENTESEESLEXNYRESEYEREESERXENEXEYXEEETESESYRESENEAMN £ AE R X XN A NN X REREERERER MK NN NENNNNENNERXEEEXEEERXERENENENEREESERENNREENNEEEREEREN N NN W
L ] b E N N A - .Hu..Hu..HHHHHu..v.HHHH.}.HHHHHHHHHHHFFHHHHHHHHHHFHHHHHFvPHHHHHHHHHIIHHF. X R X MREXENXRERNXERENXERXXRE:MSERHMHMNERXEREXERESXHNNEXEREXRESRRERHNHMENXENRESELRERRNERED- RN - lHHu..!HHHIIHHHHHHHHHHHIH!HHHHHIHHHIHHHIHIHHHIHPHHHHHHHHHHHPI!HHHH.
- oA FH.FFFFFHHFHFFHHHHFF-_ s . LE XX XN A XEXXEXENANAELAELLEEELRESTEXKENXEELEXEALNEEEENEEEALELEESESALEAELEELELSERESTSEXLRESN M O XX ENXEEREEXLEMNEXLENNLNENLXEENENKELELELREENNEENEEXEELEXEEXLALELEEELEEXTEEEXN HHHHHHU
L] A L FUU.FFFHHPFHH!HHHHPU - £ - oFE R MM NN R E N N RN MNERNENENRESERENESST BN WM EXERERENRESERERERERERHN P o o & & X FE R KK & & & KB F & & BB g X A XN NN N N KN XN NN N K ERE N MK NES N BN A R NN R N NN NN NN R KN NN - - '
A A qunu..v..__ A EERXEERXEERENEMNNEEXELEXEXEREENXEE N M N NN KR EMNEXE N EXXEXENEXEREERXXERESRDZERE?MNHN = EEMNXENEEEREXERNERXXENERN N NN MNNN N A M NN R ER N EMNEREREENEN NN EEE IHHHF
L ] o HH?HHHHH?HHHHH R e A A R MM RO M M A AR AN KK MK NN K KK KK NKER XK R KN NENNENERELRERESMNMNSENXEMNXEKEXELERESEREXX, - LgE & A A K KRR MR NN K EERER N E TN NAKANKNXTERERERNX®TXENKRNSEN NN E XXX EN NN TT KR K X X
H Hd - AN A M XN N NN AR NE P X R XN N N R RN NN NN K EREE RN XN NN NN NN KR NN EN LN KN KEREREREXER NN NNNEXERENEERENER £ - - M M RN AN KN N M AN RN NN NN K KN ENERERERENNXEEREXNENEXNNXNNENESR AN N
L o i M MK N KN NEXRER RO ¢ A M QN MM N N MM MM N N M NN M MM MR NN NN N KRN RN RN NN MR NN NN M NN NN NREENREE N - L4 A JE N NN NN N E M NN NN NN KRR N NEEN RN NN NN NNENERENNNNNNNER R X X N X '
A g L] MM NENKEENERERTX N Mo RN KN NN K NN ERENEREE X NN NERENN NN NN ERENNENEENEERXEXEMNNENLNALEEERESEXENLEN . o, A XA RN NN K NAENNENEENMNEEEENERESELEALEEELEXXELEXENNENNMERENNX KX XX N
LN F i LM AN N N N NN AN E N - SLPE A M N R A N N M AN A NN AR E N NN AN NN NN NN NN NN KRN NN AN N N NN K NN N KN N MR N B - - L q A A A N N N R R N E N NN ER LN M N ERENENEERENEEMNENENEN NN A
3 A L] .-_.u..u..Hu..HHHFHHHHHHHFHHHu..Hu..HHHHHHHu..ﬂu..HHHHHHHHHIHFHIHHFFHHHHFHHHHIIH d HHHHHHHHHHHHHHHHHHHHP N EREENEERMNEMNNEREERENELM NN NN
LI ] LM PR A A KKK M KN KRN MR N KM KA AN M NN K N KN KA KK KN NN KK KK KRN NN NN NN N NKENER ' L4 s P A AN N N MM M M M N A N N MM KN KK NN NN N NN KN NN .
A E L B A o A N N AN N N AR N N RN RN KRN KR NN RN KN AR NN N A NN KN NN RN N N NN M N NN K EMNNENNEN £ P A AN N A R A RN A AN KN NN NN KRN KRR NN RN NEN NN NN N
L x o, - - RS N N N N - - P M M A MM RN MM M MMM NN MM N FE_ M O JE R AN AN R
A A L] EJE A A R M M N N N N NN K NN KN N K NN E NN NERE NN AN NN NN g A A KA KN KN NN . s o A A FHHHHHFRP A
LN o~ F - A N N N N N N N - - S N N N E N i
L, A L] .-_u..Hu..u..HHHv.v...ﬂHHHu..HFHH.}.HHu..u..HHHHu..ﬁu__u..!u..Hu..HPFP.HHFHFFPFFPFHHFHHFFHF L HHHH..-..u..HHHHFHH.}.FHHHHFHPHFHFHPFHPFF
LN, ~, L . » CHE A B A o R o N R R R . - HRHHIHFRHHHHHRHFHRFRHFRHHFHHRH. By .
q L L N N A A N N N N o A A E N AN N N AR N A A A N NN AR NN NN -
L~ x oM oA M PN NN NN BN M MM N M N NN MMM NN NN RN MMM NN NN NN MM NN NN N NN KN MMM NN N KN - - HHHHHIHHHH!FHHF.HHPHHPHHHHHHFHHHHHF
] by k. ] I B N N R R A ?PHHPFHPH?PFHPH?PF?PF?H??PFHHFHHF.’PH d E N N i i HH!PF PFHPHHP B,
”. Hu_. .H” " .u_ vFUHHFPFHPUUPFUFUFUFHFFFHFHHHHHHHFUFHHFHHHP o HFHH”FP HHH.H B N ..__ E i u.. ..-.. ki A ..ﬂ - A HFUF”H“F - ” ~ Hu.v .r. IP“F”H”H”HHF“H”HHH”H”H” H.vr. H...-..vv_r. o U.F“H.F.Fu..v”
H L ..-.. - H £ ] ol i i A F H !
L b - L ] L - L] LA HFHFHFHHHPHH&HH >, ]
] A L] o K E o A o i A o g i A AN A
”. L] FHF”PHF H” “ F”F”H”FU.HF HLF!. vu..u..H”H”FHH”PHH”F“H”HHH”HHFF . v u..u_. * Hu..”
L - A L H E N N N L H .
L - - L A L] E N N LM
. ; ; ; ; B Rk o
L] - L, r.u_ A IH!FH - FFHFHHIFHFHFHFHPU.PHF F r.u_ HHU_ |
. L] . N kA ]
A L]
L " L)
. r

- . I:..__.
'S T o
- - M
. » x -
- Y -
- . l.-.l .
- e .
- lH.-_ ) '
X .
L] )
- -
B lH.-_ . .
L L ] 4‘{ .
- . .
. - . .
- . l.-.' a -.-_.-_
- . l.-..-_ I_-.n. -.-..-_
» . o l_l..__. -.-.l.-_
> W . )
- - M ¥
3 X . i
» . . - X
. » - » -
: » L T ) . 'I. l'n
" 5 L » . owE wd
- i . r . [ L |
- " » - |
- 3 . w' . e
- " - e iy e A
I [ - R
- S » . . -
- . e r. - T
[ - . e
- . % N .. =
- . -..l .- » A
- - r
- S A .
- lH.-_ '”..._
- . ) a”
- . e -
» . .
- . 'y -
- l”_- IHLH
. D) iy
. »
- " w
- . "t i
r )
; - T -"...“ .
¥ X i ur
. SRl e -
o L e ; Py .
- A e PN -
L R L L el e ) L) . .
. . »
H H...“.4“4”4“4“4”4”4“4”4“4“&' M LM M) ”...”._._H.q“._..“.qu.._.___...“.q”.._.___....___.q”.q“ ”.4”._..”.4 2 .
L s o el P a0l ol s LAl . .
L L ) P N N ) x
i L L L ”....___.....__..__.4...4.......-4...4.......-.._....._......44...4......4 PN - r
e TR i Wi W e i i . .
. N N A L N A M M O I A A AL A
B [ “ e T ....4.._....4.4....4.4.......4....4......4.4....4.........!...4.._ Tt . "
. b LT L T L x -k Fealh e e e e e e e e e e e e e e e e e e e » > NN . r Ok .
v '

F k F
[ ]

r
-|-
-
Ll

Bk F kB F F & &k F &k & & FFFF B2 B FBFFEFPETF rrrorr rrrrrroaorF o r -111-1.-..-..-..-..-.....-..-..... . P ] 1 1




US 9,102,984 B2

Sheet 6 0of 16

Aug. 11, 2015

U.S. Patent

. I.-.l.l T T T T T oo aa -..I r.l o '.I .- -.I

1_1_1
-

11 9 _8_9%_*8_9§_\§_*#§

1
[

1

L . |
RO

1

| N . |
]

rerrre'rr sy vre' s e e e e’y

o T T :.' l|- "w

1

x

"uia'n'

L P L B,

1

WA i i e W,

AR o o T o oy o T T Ty T e

&
ERENE

ok RN ki
. ..__..._..t......_..-_.-.l.

._'

-

1
[

-»

w1
'I 'I

1

L O A R S R R R R R R S R M R W S CRC VR WS VR VUG WY U VRN WG VNN WL NN ST TN WU T TN TN SN NN JRNN NENCVREN PR TN DN VY CNNNCRINE WG R SN WL NN N N NN TN NN TN U OV NN S T N SN VN S WIS S
R A L NI L E L E N O At e e e A A A ey
r r F F F F F F F F F F FPF®FFFFFFFFrFrr oo o 00 L T T T R T R R R B T R T T

'f

. . - . . - . 5y - - LR, ) R ) A R R N - § -
T R R E T AN N N T N N S Ny Yy N N Ny 3 2 3 3 3 A N T3 3 0 3 2 3 3 3 3 3 3 R A B R N R R RN A R R R N R AN YT Y A AN N NN
F «v = r 0 r r F r F F F FFFFrr F - = =« @ =«

. ””.”“..“._ ey “u.”“ i
PR LR X R,

A
o
R
RS
A
A
RS
RS
R
RS
A
A
.
R
R
x
ok
B
E
s
o
u
L.
S
u
5
. .ﬂ
T
&
5
b
RS
u
LN
-

Ao
1..1..1.1..1.1.1.1.—...1.—...—.

o T T T T ey
S

. ra Rk r '
o ..J‘..J-.J..J'J-.-*J‘J*J*.J*.J‘.J*.J‘J*.-*J‘J‘J*.J'.J‘.J.--.I...-.‘-.‘-..-..-..-..‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.“. .-..-..-..-..‘..-..-.‘-.‘-..-..-..-..-..-.‘-.‘-.‘-.‘-..-.".‘-.‘-.‘-.‘.-.‘-..I-.“.“.“““.“““.‘h“.‘.“. h r 'i.- - .-.

.
-

_.‘r
.
.

" el
r
Lk l-'l-‘l-'l-"u

Ll
L]

L]
L]

LI

L]




US 9,102,984 B2

Sheet 7 0f 16

Aug. 11, 2015

U.S. Patent

]

e e e i e e b i i A A A A A B A A M A A A A A A A A A AN A A A A A kA A A A A A A A A A A A A h bbb L E ke ke E e e e e e e e e e e e
W i L L]
> '3 L} x, M T A o e N
i-. [ » L] o - ra - - . ]
’ s y . X » 3 . 1 4
N ] » " x . wla - - i
. - e ] f ¥ » [ & 1 ]
v I A N T A N s *, " . x "' i) - . u N N 1 "
¥ N S 3 » " a Y " - oy T - P . N
Y W T W Y - N y . X * 3 e B0 . aTa e 1 4
Mg CICRE AR e et » ) L) . . a . L LR NN A N . LA T R A ‘a N
.-_. [ ¥ L] & ¥ A " L L R P . [ e ‘. n
a A . ;
¥ » » " N Y - - - r a
» - T . . ¥ & - & & .
'l [ » w " P - - r . a
- - . i- . ¥ x i i N a
» a . . ‘X x - . I .
I.II...I...I.... R R R . R B B e e e e e . e e T B e e e e . . . . L]
aal .........&...lﬂ-..ﬂ.-.“r....q |ﬂ4u_..._....k T N S S . s .___u._-.”! x 44#;.“##4# > t_t._.”l”a " ._.ul...lnmul___.at ~ : o 1._____. ...._.”l....__” A At A R B RN R o A R R A R .._.._.”l“.l.._ P Ry S R R .__Hl.._ e -
» AW o A L gy g ol ] P R N S ...r......a.u-....h”. e Pl ™ A R e e Sl o i AT ek kk .,_.a_.___"i.rr
. a i "y i i ar o dr oW g AR o X dr Jdp dr dr ) ) ar a i » P a ) ol ey PN e N ar P ] i a X I od dr g a e O ardr e drd o P [l - » P - Fo
w i ur i T CA ) o P A e P N g i T e L T A N M u S s i X x S e > g
- x'm A i e P 3w W TR P N N N N N i e P A kR i - aa »'R PO o N e R aa P N N
i e Ll o T T iy e e e ) N E N e A g N Nty i k L X W o I L et N AL ]
» Pty ML) R P g e ey e . g w s e e e e e a ale e  a Te e We e a aa e e ur e ey a s o e e P A
ur oo A B o w a a ] - o .4#...-_....4.........5_.__1-.&&.- Lt ! R e e e e e e e e e e W e e e e v e oy WAl A N a e s e e e
e T v N e - iy w . Rt e e Nt nl X t#k##ﬁ&lkt#tktl“tn.n"tt;t N N P oy P e oy x LR
Pl i el I 2T P ey s s el e e e e e e - S N AN Pl 2 e R AN * -
LML .q.___.q"-_...t&._.. W R sl N .-I-..r Ny A A L R C oM 2 o R A N o R N N e e I A A A M A
dr i Wk i ._._ql.".___ Lo N Rl I e e e Bl Xk k¥ tL.-__-l_w ttﬁlrf&t P ) e e e iy ’ » Pl A P W L e, W e
T T Ty e e ) Sl oo T e e e Ty R T a T T o A % A A e e T ; Pl P el Ll Pl el e e e e
N t_-”.._.._......._____.q...... e e ek i i e e e L e X e W e e e s e A o e e o e e e ey X Ty R, At H-_t.wtt o
T i T i .q.q._._nriﬂi .q...“- Lol *t....-......t..._-_-_.tﬁ W v o e e Pt . -.r._,.....r-_........_..,....r..,t.r....__ulm-_ Pty P A R o a A et L s ....rnH'....q
- L T I g N i e e i e e e e e . L o S P e a e A Pl T T e T P e x
P I S S S R el i .-.J-_l-_....___ ol e . » o T : P N i O S A R P L L A A ) P S L
e e e Wl e e e X : A A A AT e M N N N N A Nl W P AN AN NN ._._t._,t...t“.... A e LA NN e e g e e
A e et e e i P R A x #u_..,_..,_..___rbﬂ_t......rrkh..-. .___M.J ! e b L N R St » A D N NN N P P
» ¥ » S o T e e e e e e e ™ Al Sl Sl
» X i

N LA N
iy dp O e By i ; ap iy ke W WA kel kR
! g T R b e o Ot R S o g

L I?I._...

E NN W ) n
i

i
:4:
o
® x
o
¥
!':lr
r
L

Pl Pl
T ...H...H;&&H &..H...H...H.._”.q-_
ERC N el 3

RN AN

i
,
s
i
T ol * A
oA L F L] F
w e .-ﬂ.-......_..___”....qtnl * * ey ...l”.wtt-_#...- e .r...-_n# i o e b X
.. P I N e 2 T R ! N L N - P » e T T T e e o e T
M) " r ._-.._,.....r...... 4 PO S T L EA NN ..,.._.._._-_._..q M ANICN o e i ._L"..Nhnﬁ-_#t et LM l.._..a e .'Jr....-."... a___...?rt.....h..._._.ﬂ.ﬂ.q#
X I ¢ M a2 M : I
* W
F

A W e i
P e e i Nt

-y L)
el xR A LaEN
- ¥ ....r.._..“ﬂ"i_..— * %-‘....-.._._.
: -ﬂ...&".-.-&-_- y T e e D
o+ & o
y nu- A R A AN ¥ i & h,l___..,_. LN t#.q......ﬁ-..qt

F
§ e A A
N U U S N Y o ok Jr A M b "
¥ I ......r:....__._..r...._-.__......_

& d e dr A B

Pl ey ;
s i i s .l”t.-_.....-_ et e A e e e e B et P Ml i e Bk ik kb d O "k K b A - w N i ey i y "’
o T T  a d  a  d a a a a a a a a a a a a a a a a a a a a a a a e a a a a a a a a a a a a a a a a a a e e e e e e e s e e s e s s assaassasess e e e e e e e e e e e e e a et a e e e a e i—ivl!}—lvlq}qiqlqimﬂnﬂ.v....q....q....-..... AL AN A AN AN AU A N AU NN N AL N
) - e et 5 'l . P i i Y T T e e T e e e e TR e I v Tl Tl v S T v e i i i i i i e i i o i i
|" .“. |“. ) . 'S . ' l”.
. e e e .. - . .. '
“» b ‘' B iy i ™ *, a .-...I. U I Sl PR, P . L LR e e T ™
- » R AR e - ¥ N o N ¥ b . A e T .— -
i. . * -.1..__.-_ '- L N L] - .y —_.lt i ll..ﬂ FEC AR A . 'S . . I..-_.- aTr ' A,
» - Y L L e ' e r M 1 f . - . e kT . [y
- A - s
u" H. . ¥ v * x _-.. u”.
* a2 on o P -y IO | o oa a a2 a - 4 4 4 s gpar s m L om m s om oaa A m = 2 - e e e e . e e e e e e e e e e e e e e - . wma
a0 S SO i S Rl R S e
PO Al A e R N ) ¥ e ¥ X P L i WP e i A e e PO o L S L e i
L L3 & i iy Ll L L) ir o 4 dr g dr g g dr i & dr i i L3 o i i o dr g B i i dro i dr g b g A B e b i A 4 g i A 4
f.iﬂl... i " Pl L A Pl W s x Wiy ra R ar L e
i i'ih.l. i i' & g ] I i & ll..' ir & & & & dr i i e L i & 4 & & i b.l..l.b.}.... .b..Tb.l.b.l..rb..I.b. dr i }.b.lﬁ. a2
Pl W X o 3 [} >N i x> i W i x Lo N A o N N N el WAl
i IO N ) pour d e R ke w0 i o NN W W e dr e d r dr e A i PN -
T e N N T .._....H_...__.....__-.._.... P e R e g L
e e e e e e e X L N o e Wk e B e e e e e e e A e e a e i ar e dr e dr e e dr e
ST i i e ) w L L A > ...'n .___.-_...lw...._._-_ e L W e N ol e X LY o N AL N L LN LN N At a2
Pl ) . ¥ lﬂ- DN N P W PO Al Mo M N o At = Ao e A Pty Ay L IC NP ATNC A WA o a Lt el
. 0 iy e . s x i i S de e dr W dr e e e W e WSt el MY SE N N U P A S A o o e e B dr e o e e a
.-"H...-... e g i P ( X ..........___.4.-.............”...1... it T e A T -~ ...4...._1._..4..-...".. e a o P e e R R e ....._...n".r...... e . ....r................__..-_..-_. X ..1........_cil".._.....___.___.............__....._......_....._1 ek
- .....-_'.............-_ Il. . .-..-..-..................t.-.‘.-.l..... .-......-_ .....I.”“.I_.............r....h..... ....l. o, . ......_.............-.......r.-...........r.-.l..-...-_ l“..-_.r.__.-_ 3 .-...r.r.r.r.....-..l......-_-. .-..........-_ X i t.r##&..riﬁ## .-..r.__.._.........r.-..r.r.-.t.r .r.-...-..... .-......-......l.-.. I”.-..l..-..-.......r " .........-..._ .....-.....i..l..-..r.-..-..l_.....-...........-.. .....-. .r.r.....-.. ....l..r .-..I .-...r....“ l..-..r.-. ¥ & .r.r........l.-..-.l“ .r.-_ .r.....-..-.......r.-...-..r.-.......... .-_.-...-. }.l.ll.}.#.fb.&l?#.-..}..-.}.}.}.
P el ol L AL s Al N », A e o x e x a Py - Rttt e Tl e e i Py ....-...-“ ...“-.r L T Pt A o M g O M e A L s
B o A e ) i oy X ; e e i iy iy i e ur e i g W e X e d P R i M e e ...+......_-_._._ i b N de e i Pl s A d P A e W
......_.._..r.....-_-_t._.._....l P NN AR _.....r.r...%...._f... P .._..._.....!IMN ..r...r.....r...-l;l.."i.__.._.r....._... PO AL B N I L e -ﬂu-..._. i P A L N A S N N e e e i
B N N A A N ) i o wx w i iy iy X i o W Pl a3 X W ar W e e e i W i i R A Al A Al o Wi A i W W e i
B el e e o ...._......4...._,........-.1..4....___..,.'... P ....._..r....r...“n-.___“ﬁ” Pty N ...tl“ Tt A AL W M-. o N I e e N
.._........-.1. MM AL NN, Wl e dr e dr i i iy W ar e e e T .-"-_. A?.._lv” ...'M”.r..........r e e e :.”...........t”...r.r...... . A Al N .-“.... A .._..._....._-" N k#k#kt##kil&!#&t#}""ﬂum. o ....r“.n.
N W R e ) ol i kW e e e ke N M y o L ...h
- .r.r.r........r......_.r.._ .._..r.._..-. ll. ir .....-.”J..-. i .....-_..-..._..-. W ey, I & u a .-...........-_. .-._.........-.. l.j.t.i%#h'b# .....-_..r.-..r s .-_l”.l.-. .r.-...r.....-...-..r.._ .r.r.........-_.t.._..r.._.l.-_ .r.....lI_.r - .r.-.l_ Sl
> 2 b iy P 2 o) A L A, Al i P M, ] o P N W e e .r.........Ll" X b Ko Wk A
rar ; Tty oty e, o T aa a T e > .._I.r.-."_._-_#...... e e . Y
.-. - r ' ' l.r.._.._.__.—._.1|.._. F - F = rr FF r koA A FF R F .r.r.r._.._..__.-..ll..r A Frr kb r ks kBl Ok .-..__.-..______.II.____.____.r [
a x wr - . ' F . ' » . . ' o -
% . S - & & a .
'S - -, ik a r ey a a2 i a - a 4 xm PR a2 ™ M - Ta a . Y [ * "
ra ar w . N R P R R - - - ¥ P o T » -
¥ .. " a4 ur . Kwd e m ma W . x x - n e B [
i - - o b e e e T N e " "u g . R A ._..-." ., u
_ wr r S - ' P i R PR » e e X . i M MR » -
'] .. i - - - a o
o ... " - . ¥ » -
] . s r - - ] .
-y " o . ' o ' . - r'y . » Lo
™ iy 3 ....._-._. e “-...l.vﬂi“ iy .-_-H.n.-.._-“ .I“in.
..r“.__. Lo} " X .......H.._. r“_._.H...”...._._ ._..r”._q”.q”t.q X ....-H...H...H....._......q.r”.r”.._”.......a-_ r .4....”....._...___ ._...__..
¥ Ll ) PNl e ) e s el » -
[ o N M LM ] ¥ » ........_....._..._..-l“m_. s .4.._..-."........._..._. » x i i By i .
» 'y Pl s Pl s P A ) O A e LN
g : R e . ;
L4 l." ir & _dir I i & I iy Jr i.l. L] L L L I i i B 4 ki
- Ul a0 ol ) N L NN W l.:_.__....IL___.ln.___ A
Ul ) L L P L ) e i,
i W) ) - P ™
” N ELaCa A L LN = Wm N.— L ML “
ar o p .4........-1-_._._ NN A A Pl N
- NI NN A N . » o e e X o ey B
i R T Pt o W e i e dr o ar
" N ..........-_.._.l“._.. " e ot .___........._..4_-_............_......_....”"-....... ............_-......_..-.“ “
2 AR AN W Mt ....r._._t.q......._..l"-_ Ly Pl Pl Wy
dr o i dr dr L] L] I b & dr ik & X & i & i & & o4 & bk 4 i i iy ﬁ‘b. 4
¥ .”"u”.q....._.....q....q.q.._. 3l Al Mol sl Wl W ol w
AT N N N W) ar i T e i i iy R r W M
) P A e al } X e e i " P N A, N ¥
) A .4.._.”_-_.._.4“___.“1 ..-..4 P ) U A i e ] '
'*.T o 'b..'*.'*'*.'l..'*.'*.‘l.-'*.' .'b-'b.."-'* .'*l.*.'*.'*tb.r*.'*'*."b*.'* .Tb.'*.' [ ] ..'b'b. - —.‘.r' —..T 'r.'—.'—.‘ .'.r.' E '-
. . . r . r
. . -
= + u 4 - - | ]
m._-IH--.u___ w L) "
.l“ . a _..-_..-_l o LI AER ™
M Tl & or A .
.1l
]
. g

2 e et

. O T T T B
.._.._....H > e AL " ” t".-.”u”h”.-."l..l.r.-_
i o ...".“l. drdr i AW e L A

o e e e ERCN R ) .r-."it LN ..._.rHJ“.rH.._.H.r”..H.r... H.r.... ot H........ H.r.q N
N A e N e E A o A B A N ; e R e N S P ol - Eat )
i b e b e e e e O R ek Ak I b g N N N W 2 Nl E o N ) L E 3t o
P N S et el MO O Al L N N A - N N T Fl LA
ECE N e R ik » ¥ A MM N L N s el R N W N e X W e e e
ottt PO P R A N A A B A A o S at ¥
" ...-.........r....-.l..:......._ O o .r.ll_.r.r Sl A dr b dp e dp ot dr Jp W O & Jr N A X PO SR Sy ) i ar .-...-..__.rl..... - Y Y
LR e N R D R N N o A ML NN X kX i e i N e i il i My M kM N u N *
E ...T.T.r.".f....'.f}..r.f.r.:.*'.f.-..'.'.r.r L & i & by i’ ok e dp A A oA ir & .J-....fl. ‘H{b.‘*.‘. l.‘.r-u. ra b hofp i -
.....r.-........._l-..r.q.r.r.rw-_.q...#....r.......-.l.r P e R e EACC N S S nl i i ar ke a L e A b e s i
i ...'.T [ [ 4 r i i b ir B iy e iy ir iy ¥ ir ¥ .r....r.r....'....r" .'.:.......T.T‘.rl.....' b h ok F i i ¥ i i > a & N WO
B ECN N A s N L A o i aa a) ok ki N dr ke ke e ae X B A AL A N N Nl R L Ea RO W
> b o A a e dp Jr dp i Jr dp & dp dp O Jp A Jp FCIEE ) & P S i & b & Jp b dp o B I ety A a kO Jp ok M
Pl b ke i de e g de dplde A Wk Bk kA k Ea ke ke BN N F bk e b e R ke kb ik ke bk e B ek LN BNk L R o ke
oy S N N e ...t....r.._.r.._.qt-.._.lnt.__.r S .r...”.t-..._.r._._lt.......r.___ PR N e P i
™ .rl.-..__.-..r.rn Ii..r.r.r.r.r.-. i LR ] i e & i gk h i B o ™ i
ar PR L NN 2 a3t ot ok OO roE s Ly w & ]
> A de dr dr e i S dp dr dr dr Jp dp dr Ak k M Jr i Jp Jr A i A dp Ak O dr @ dr & O
& b ko dr o Jp o ir h & b h b o b F i Jp T R ) y § F K ) Lk b b ke h -
. Lk ki b d b ko om b d dp o de dp oA 0 o W i A A I_.Il..__#.r.r.-. P i - "t i
» d do dr dr Jr b W L O O U Jp & b dr a b odr N [ oy ax - T & Jd Jp W A >
" a Fh b kb & bk ) 2 bk kb b g bk ' > ™ & Fy i o
-.._.._.r.._.-_.I.Il.“..r.._.__ ™ U § dr i A b b Ak t.-_......._..r.._. ) .-."- [ .... ....t.-.-.....r....._.._i.r.._.-..r.r.r.-_i.ri .._._1.._._1..1..1..1..1 .._i.._...n-.......1 “...r.-..-_..r.-_.r.._.r.-..m-. * .r.._.-.J...ﬂ.-_ > .I.l. ﬁ.-_.r.._“.._ml# .....r .....-..-.......r.._.r.__ .lII. o
rr k 111—_—_‘—.—_—_—_1—_1 ..r.r.' F ] r.r..'.' r.u.'-.-rl1.r1-r1rl.r.'r. '.r-..‘ d n & ..r*l..r.'—.r" X b i b & —._.r.T .J.II.T.T.'.T.‘ —..




US 9,102,984 B2

Sheet 8 0f 16

Aug. 11, 2015

U.S. Patent

“'.l._.l._.l'.l._.l'.l__.l-.l'.l'.l._.l'.l...l__.I..l..l-.l..l..l-.l..l..l-.l._.l._.l._.l._.lp.l...Iu_.l...l.-.l...l...l.-l..l.-l.-ln.l..I“.ln.iul”l..l..i.”.l.”.l.”.l.”.l}l.”..-.}l.__l..-l..-l.llll.ll.-l.-l.-l.-l.-l.-!.ll.-lll.-l.-lll.-l.-lll.-l.-lll.-l.-lll.-l.-lll.-.l.-lll.-l.- -
y ”
x ¥
., i
: :
- .
* a
.'l .'l
.'l .'l
.'I .'I
.'l .'l
* .
> i
: :
- .
., i
”, :
‘ ]
¥ by
.'l .'l
*, ! by
- .- .o ”.._
l.l‘ll. ] n-. o - . . . ‘a
: “n"%..m R T m £
rir oy N ) ‘.'._1.l-.n lin1.—-l 1 .
e .-_.___ . -_”.l.:.[.__-_ -t ..h...-.Iq...-_". " !
N
‘” -"
. = = m = = m _a_ a = a_m #
”" !*!i!a!i!*!i!l.-.-..-..-..-_.-..-_.-..-_l.-_.-..-_-..-._-..!l.-_-..-._-..-__-..-_.-..-._-..!l.-.-.l.l.-_i.-_ll.l.-_l.-_ll.l.!t.-t.-.t.-_t.-_t-..lli..__.-.__.l-..t_..-.__.l—..t_..tv.t—_.l_.-.".l..t..-...t..t..-...t..-...-...t..-...t..l.i...l”.t”.t”.l”.l”.-.”.l_”.l”.-.”.l”.-_”.-.”.l_”."r.-.”.l_”.-_”.-.”.l_”.-_”.-.”.l_”.l”..-.”.l_”.-_”.-....-_...-_...-....-_....-_....-.....-_...-_....-....-_....-_....-.....-_....-_i.-......-_.__.-_....-......'riairiaijixri.
‘ ] ‘~ . . . - . . tl
) ) .Y
”.__ .H-
‘” -‘I
-' -*l
" -*I
‘l -‘I
-' -‘I
“ -‘L
“ -‘I
‘* -‘I
“ 1‘L
‘l 1‘&
-‘ 1‘.
‘b I‘L
‘b I‘L
-l - I‘l
. L . . A
* ' il .
- " P
-‘. ‘_‘. -.‘L
Z ot 03
L] " .
. . .t
. ar - bt
‘l “.I_! % 14“
i” et - A
L] ol .
.-____ .-_.__..__l ..-..
-_. ' .
-‘ " ..."
L] III *-
. . .
L
; ‘.r_.._.._._ .
. an A
: o .
: r g
.-____ .-_.._I_ .l.
“ . -‘I
. 1 . .
“ .‘ -*I
“ - -"
“ -‘I
” * .
" -‘I
- -‘I
'” -*I
‘l -‘I
-' -*l
“ -‘L
“ -*L
“.__ H
‘” -‘I
-' l-‘l
" l-‘l
‘l 1‘&
-l l-‘.
" 1‘&
- Tt
" 1‘&
" I-‘L
“ 1‘&
-' l-‘l
" 1‘&
‘l -‘L
“.__ 1H.
‘” 1‘&
-' -'L
" 1‘&
“ -'L
”.__ .“.
‘” 1‘&
.-_.__ . ..H.
. e &N o
_-_” -”..I “___ .”—_ u..l"! . v
“1 1..”!.‘. _-.-.-".. - q“.
. ek o
" 1‘&
“.__ 1H.
‘” I-‘L
“ 1‘I
“ 1‘L
‘l 1‘&
o R R R A B A A A A e R L AR AR N A ¥
g e T TN N NN B NN N NI NN W e T e

-

AR SRR S
S 3%

F & F B

s SARRERAY W SR

g

o wty ~i”~
N
fuat e
tl.._-_-
o N
"
- e,
EE L
PR
i mal
uﬁi
gy g o Ww.
- b § by ' 3
) AW e
- & b I .._l_
e

h._ulr.__..lll. XN
a -
L



US 9,102,984 B2

Sheet 9 0of 16

Aug. 11, 2015

U.S. Patent

-

LN D DL DR R

A 8 8 N 8 4 " 5 § § §E_&®E -

e e e A e e e

W

T
B

R AR AN AR AR LR R R A A A A O UL LU R R R R X

'

JJJJJJJJJJJJJJJ
A A EERFEFERFRERFFENFREDR
Frrr-" LERLE A

'
-

oo o oy o
-

(R S A e 5

ax

4

1]

0y
» b ,,

LR W

N

o

e "

A el

.l.l.l._-.._ .___| L]

& F

4

F ki rrrr s -

I
X
X
I
X
X
I
X
5
.

‘X

L —_l.r___ —..Il a
R ..B“un,

o

*

=
N .
‘_llllqlllllq A4
[ ]
3

..._,-.-_..u.h o e

1
N m
- -
r . 3
2 -
.

L)
-

L)
L
L
L)
L

I.q

r
LI ]

LY TR L TR S Y

I_.-I._..I_.-l....lil._-lll._._l....l..._l.wl ...__.I.wl wl rl Pl -.I.”.l w . I.”.I

[ L A .
™

L LT T T TR O WL TR T WL TR O T |
LA ] I—_I—_I—_I-I—_I-I—_I—_I-I—_I-I—_I-I

-

-

o - -~ W
F % b b b kb kK

g

3 - e -
.-'r"l l"b\b"l'l'r

T
L

LR A -

RN A S

L L N N N RN P |

LT L T |

"

L]
n_h_u
kR R R R kR kR Rk I-"I-'I-" » ‘-t't-‘-"!-!'t'l"l-

tutatatatutulntntnteteteletete ettt it et e !

e AT X

'
4
a
-
-
el S

-
-
-
-

* I

#

r
-

iy

_h
o
Ll -, o
3

L]
&
L]

o

SEAE 38

elny

i
o LS
L, | L]
ol

‘.I-
S
"" : % .

HoE B

Tl gL
Ko s
» ..'.__.'r ..1-.
l.l.l. L



US 9,102,984 B2

Sheet 10 0of 16

Aug. 11, 2015

U.S. Patent

1_9_1_1

o r a4 4 4 4 4 1 & 1111 L N -
T e e e e e e I'lI‘I‘Ill.-ll.l_-ll.-ll.-ll_-t.-ll.-l"-ll‘i"-.:

alalainlaleleles;

R AR R R e R

A LN a
L
-
.

4
F
- I.'I.'I.ql.q I.q I.q I.q -

L]

X
»
»
X
»
»
L

. ¥ -

T
r
o R N

L4
L}

-
N A

A A A 4 g g =

[

1 ﬁl

.II.II.II.II.II.I.I.-.'.I.-.'.-.-.-.-.-.I.-.-.'.I.‘.I.I.l..l..l..‘.l..l.l.I.l..l.l..l.l..l..l..l..l..l.l..l.l..l.l..l..l..l.l..l.l..l.l.l.l.l.l..l.l..l.l.l.l.l.l.l.l.l.l.l.l

.__...l

mlt gy g T

buttetelnlntntn e e e e e e
[
1
.j
Ny
L}
-
L)
)
N
.
a
n
o
*
L
L
*
*
»
L
h‘l
"
.

....... ol T T e e e e e e e L P L A upupupepepepepegg—gs

R Y

R P T e

.................. ________-.—._—.—.—.1---—.-—.-----I-I--..-..-..-.I.-.I.I.-.I.I.-..'I..".."..'-.."..l-.*""‘*‘{"‘"""}#

1 L] [

L]
n_on_ i i1

-k .1.'."."

L prEE

T Trg .". .-qt”.u~ “__r. ) 5 . .
o CM-“L__-_ ..._. _.__.-.u._. tut .._Mn.__w i : e
-"1.I nadk E e t & ..r.___.___-_.._ A

odp

Wt
Ce ey .
bbbl'bb r F F ¥ F F F F F -

'
r

-

.'i

L ]

F

..........

L Y N O YU L S Y S L U S S R S Y

4
] Lt
.l- e .I.. .I.. .I.. .I.. .I.q.l...l. - .I.—_.I.—_i‘r.I.—_.I.—_.I.—_.I.—_.I.—_.I.—_.I.—_.I.—..I.—..I.—..I.—..I.—..I.—...-..I.—..I.-..I.—..I.—..I.—.

She A A e e e e S el I el Al e e R U R L R A A ML W L N L W e et et o

i b e e e Ry

LR R R K K K .-_ .l - .-_ .l .I .l .l .l .-_ .l .l .l .l .l.-.l Fy .l .l .l .l.-.l .l .l .l .l .l .l .l .l .l .l .l.-.l - .I .-_ .l .l .l .l .l .l .l .l .l .l .l .l .l .l .l .l'.l .l.-_.l.-_.l.-..l.!.lh.l.-..l.-_.l.-_.ll..l.-_.ll.llull.lLllllllllllllllllllIL-LIL-_L-L-.llL-.L-.L-_LHLIL-I_-LII_-.I_H.I_-i_-.I_-.I_-.I_-.I_-.I.JI.JI.JIHI.JI..I..l...I.”..l.”.l.”..l.”.l.”.l.”.l.”.l.”.l.”l..w.l_..-.-_.-..l.-..l_-.I-.I_.-.l-.Ill!l.-.l.-.ll.l.-.lll.—l.-..l-I_.-.l.-.l.-.l.-.ll..ll.l!
A, -
W' -
. r
W -
' =
I
LG L S =
”-.u-i . * _-.. ___!-t" ) . -
il. i-.“_ .-.Il- .-.- I.-.-. r “l“
o~
N A
N ]
I
X
L]
I
Tt
.-..-.-..
2
. - a s . .r.-l... it ¥
. b e Lq....m."
- . (. v HI. .-._.i.—..l.l .rl.—_.ui.lw.i—.
Il._..-_-. H- l..lbl..“ﬁ....-..-“..
O L A X
Stopn oo e ot W
=
. i
. “‘_.._
.".
>
. .".
o "
R ' e - a
._..—_.1! L] .-..&I.-.”-. lll.-...- e .1..._ “.
-.. . - - . a
__.l 11. l.-I_Il f ] B .1.-_ " - 1 T..__.ll._ .-Ili. .
s v "-..-_.H._-. P .___,ﬁ..-ﬂﬂiu. ﬁi .___,M . ._.1.._””
.- . . l” ”. .l"_.—_ n“.l_. .L..l__ Tt B W - ! .v..-l. I-...q .1&..-_...-;
-n....-.-. " - .
. e
s e Ten" e el - |r.l_.-i I.-.lr Pl T T ™ o Sl Y . e .

LR r

881 " " _°
1 F

L

L]
[

AR AR R R

33

T
L ]

!';".'

BEER

A

-
»

-

2

-
T
-

*.'l..;.

o

EETITY;

il

L

B

L]
¥
-
1

v,
%

[ i

L]
L]

&k

i

{
§ iy

-

1
[ ]

L
L

B S

iy g &

| |
»
EER

ks



US 9,102,984 B2

Sheet 11 of 16

Aug. 11, 2015

U.S. Patent

2

o SRARE Sy SAnTEy mEn g

Fukan ety PRI R, .

e om [ .”.- " et "

&% LN | -
.-.-. l_ .-_1 __l_l-_. ._.- 1.._ ] .I.l.l.. .__.-_l_
-_..IT- . " " M ™y __.i- ..E.. 5
o ek b % i

iy
:
L] »
W« F
.‘L i- '
LA ._-"
L .
L .
L *
l—.. . ) .-.- - P
l...  F M | .-.- - 1.-...__|.
= om [ - Iy *
» - .. o [} e
[ ] . lI.Tl' » . i
i ' -_lll“'-_....ll‘i.—. .-_I.._II..”.. .-.- Pl .................................M"f.._."”
Tt = 2w - .-”.”.I.“._. h h.t. . a I.-.I_...lrl“. .-_- 2o '..r-_.".-.lql.__.-___.-_v.-.v.-_v.-_v.-.__.-___.-_-.l.q.-__.l-.l._..-__..-_-..-._..-__..-_-..-._..-__. r.r._..__.lq Frrr
. l_.__l_.__.-_.._.-..__I_.-..-_.._..-_.-..-.l.-.i_..l-.l_.l._.l ”"” v .I.ti.ﬁ."_.q .M.i.—-__.lﬂl.._l_I.-I.ll..rt.-._..-_.....l..._!.__.-..l.-..l.-.l.i...l_ * .._."”l-.ﬂ H" i"- hﬂ”n_ -
3 :
LA -
L -
l... .'I
l... .'I
- l... *
sl > -
.l..”. I_I.I..._I.-l.l. Hl... m"
. [
+ 2
L -
e i X .
L I - .
LI - - P
> 5
L3 -
N 3 »
- H-.. .-.-
m - *
- L o L
_-...-....li-.ll..._ri-...___1-i-...l...l}ilililirf}i}ilfiﬁnirfilil{-{l}g{ll\!%{miﬂ. .ﬂh__ B e i i i i i e ey i g e e e o'

E ] E
iy s dr k2 m &k
NN
b &k b h kb ok s N NN
- o2 am

Py
b..l‘**ll
o )

-
i h s ok - a oy
o e e s

o e

- b
s .._.__.r.-..__ J” »
R PR . »

DR e
¥y ¥ .r-.......r.-...r.__.-...r.r.r.rl.r.....r
I a e e g AL ke X

P R
t._.ln.r.._..r P

e W I T e W e W e e T
X Lo ) k & 2 & Pl i R i ......_.n.._.l. N .........r.._..r PRy e,
R A e e e e e e e e e e e i e e i
CRC N e AP . . 3 ¥ .-_.._.r.-...:..__.-...__.r.r.....r .l-..r.r:.__h..... .-.__.........r.._.....a.lt ........._.r.... i .-..... " .r.....r.r.........r.....r.r >
" F . LT ) B b R R Mk M ad ok Ak .rl.l.._.-l.._ o drodr i B
" e e L e e T e
.._........11_._4.._.__.....ul.........i.rt.—.qn.r......r.......r.......r...
I

" sl s g hoa
I Y . P
B P S x

-
PR

. .__.._.__n.-.._..._.!.t.-

Sl ol dr b e Jod dr b b b dp & b b b b b h k0 k&
I & ar i PN ar e i
* I e L i n.-..._l.-.... i .............._ Pyt

¥ & X ko

. - b [ ] ar
i R it

b b b b bk h hon

ok kg ke hJ .r.r.._.._..-..._
& a t....-.-l“.-.r....r.rx
R o

i b b kb o h ks Ao

A n =2 2 & kA b x b & a3k

L ] h
"2 b h s s ks K

.--.._.._ N
AT .__..-.

E I

- O
.-.-_.__..T.__ h.__h.|1 hh...-.n

ey
L] &
T ............_-n_”.

NN N
x > .
Pt l.-..._.l




U.S. Patent Aug. 11, 2015 Sheet 12 of 16 US 9,102,984 B2

4 4 4 4 4 4 4 4 4 4 4 4 & 1 81 4 i 4 8 4 4 4 4 4 4 4 4 4 4 & & 4 4 4 4 4 B ¥ 1 81 4 81 8 5 8 8 § § E_E_E B GOSN COoN_CC "ottt 0t "t =
P e e e e e e T T T T T T e e e e . : ' T'T'T'T'. ..'.'..'..'..'.'..'..'..'..'..'..'..".................'..'..'..'..'..'..'..'..'.'..'.'.."..'..'..'.."..“.‘."...'.'n'.n'.'n.'-n‘k‘h‘h‘m‘m‘h‘m‘\‘h‘\ﬂ‘hﬂﬂﬂ*pﬁﬂﬂﬂﬂﬂﬂﬂ%ﬂﬂﬁﬂ%ﬂwww,
n A 1
L] ]
. %y :_I‘ :"
3 A [ X
. 2 _-__
l‘ A 1.-.1 'I__
L , i) Ll
H '-_
[ - [ | |
] h -
m . Ly -
. -l ] L |
] -
Ly L]
& ] -
a . X )
L - - ]
. h it )
) ) F!_ L] _I‘
.I --Il LI L | . E L L N | . LI L N L L B .-I. 'r#J '-.-'
'l. ol e A i I U Ul T ) L R R e e ke M [] [']
L * - ER -4 o
. = ' -,
1 -] Pt .
L ] kE T -
. ., s A -
v T‘ Ia. & 'r. * "..'
. LA N L L il:. ‘J _'I__
..‘ - v e 1'_"‘ 11'-'
LR : * i) -
o L ]
., a7 . - - :ll:
* 2 % %
k - L]
F - [ ]
] - -
l- H L
a e . 1": i
3 ] - - e
L] H T ' L ]
. L
LN L LR N .l._ A4 A A Ak - 'I__
n ' ™ * s ,“,
¥ a7 - L ]
| ] L
% -
" . ) a. X
LA : ) F :.- .
. LI R AL, i T
T, ot T ™
- k -
"I. Hd L ]
g ¥ i v
o "
] W, B e
n s == - »
'.j LR kR - ™
- S . % w
b L ]
» o . .- s
L] oy B LI
.i - ~ } 'r.-“i-... *.
L] r B - L] L) 1!-
LR - Lt
r - ! ..'T'_.. » 1.'.-
EN o . LI I )
] = A Y
. ' L] ]
¥ . o )
P " el - L )
-‘i ] L k el oE
¥ . wals
-
% ¥ Hele
L ¥, : L §
'.J. "I » g 5 - - - 'a- '.|.
: A P A A L e o] T IR L L L, l-"l-:l - e
- - L] N - L I
LR . _.:
L ] -
Hd
.
by A 5
- : - 1.'.|‘::
. .' 1
L7
2 L]
Y r ¥
o -
L7
L7
L7
:- r i
- H-
. LI 1 -:- ]
- > LI N
] L]
" I|l'|II| *I' > - _l': ": -.l
FFrrrrrrrrrbrbrrrir b' ‘IJ- :i_ dr o e e e o e o brl " '.‘l'.
- _ -
5 - . I
- '

di.'ﬂ-i

L]
b T
r

----------

* F kb ki kI
1

*_,,__
LS
b

&

o e g e A e e o

-

. ® FEFEEFEFEFFN Bk k kb kB

r

:i - »
.
;;.
[ ]

e et
- '-|. N
s o Tt
r':- -ll.!:q-I-i‘l Illl
oy l" .:" r.i.
._i #-I:-I-F i':_
N I BB BB B BB B R B R B BB B B BB B R R N

%
5

L)

L)
LAy
re -.-'

a
L L I D I R R Y |
Frrrbrbrrbrr ikl
-

whe? e et hete
-:.
B E
LR
s
l:-l.‘ L |

—
L

Iy e
n e
l

et

-y

B on_n _n n_n_n % n w1 4 1 81 L 1 1

. |
LRI A L A ) Nalat,t

L
¥

L
r
L
F
L
it uft AT

I-I-.I--I-.I-.I--l-.l-.l-.-I-.l-tl--l-.l-'l-'l-'l-.l-.-l-.l-'l-.-I-'E.I*E.I'E.I.I.I.I.-.I.I.-'-I-.-.'-'-. -"- '- '- "- '- '- "-
Tty

r
*.‘..

.
"l‘l"l"l‘l
-

4 _4
a
r\i\

!l'll_q
.H

41
i

uts

-.1'
Ll ol e i e e e e el e i e el el e il e e il e e el e Al e e e el e i e e e e il i e e e i i e e e e ol el e el i e e el e e e et e i e e
et

e e e e e e e e e e e e

A

- s . .
i L S, FEFEFFRFFEEEE R A .':':':':':.';".".."."."p'-'."."-ﬁﬂﬂﬁmMﬁ%ﬂwwmwuﬁhhhhhhhhhh‘lr"-r"-‘lr' ol e e e e e e e e e e e e e e e e e e e

T A £
ey ) sty
ety

rhe . Aok ", .

g g0 o)
i

l

-F AR Wil 00 poo olivibae w aBuwyn



U.S. Patent

Aug. 11, 2015 Sheet 13 of 16

4+ F 4 4 4 4 4 4 8§ & 1 1 1 _%_1_5_5_ %5 5 5 7 _5 = =_5_ &5 = L

e e
A Rl LAARLAALLAAL AL LA LALRAS AN AR K™ St p

] B
+ Ll .'
+ . s
; .
¥ - L]
+ .:.- "y :‘.
* - "] L3
; .
+ .*.-

o

[

o'

A ol d A4 4 4

o ]
g
p
ol
g
ol
h -
=
-
-
-
-
ot

L] L3
[ U O SRR O™,
¥ B

W e -

v

| :

' -
W)
! -
3 -
- ;. . .
"'l.‘l.'l‘l."l.'l."l. Jll-l'l.'l“'ll'l‘.l-l 1."1."l.‘l.'q."I.‘l"l.‘q."l."l,"l."l."l.""
" - )

i

'

- o

-

-

-

r

-

-

-

-

-

-
%- -

-

-

. .
- .
. .

+ L= r

- [ 2 - - -

"
o it ™ il it
-
i

I A

- [ ] Y
- > ) . - o it
B e s .|.|.|.|.|'l E u '-"‘-.-..
-:'. ...... % oo -..: . "-T-:'i .'._:,.l.
o i M ' at
: Selee
. [ -'f"

L]
L]
r

= 3
l"r‘!- 'r‘l-‘!- 'r"!-"!-"l-"

et e e "I'.'I-"I.I-'I-.l-'l-'l-"l-.i-"r.!-'I-.l-.l--l-'l-.:-; " ';.:':F ‘-'Il-.::;::
. SR s

e . Lo kB
B- oL oror Lo oRR ] S L P k
B -

b T, P L

e P o

L4
L}
:; .
N 1-Il
- u
- r
!5 . [y
LI = kb
L = [
S - i) .1"'
. o "I:-t:-"
b
k . 1l. ."‘Il_
L] N -l S -
b . ]
- ]4_4_4.4 s '-,- -;-l'
3 g ot
¥ LN N N
1 L
o
5 LIE R u *. -
- h I".l- l"-
o
k o
- b
b
] .
:, !
o
1 ]
k i 3 "t
B droxdodododrod ooy = Jegt ST NN S E
L o
1 3
i ' 2
' .,
] o "8
. '. " 8
a LER RNy TNl - ':
r T ]
' - e "
]
] o -
A . y .
L Iﬂ|l_d|l_ﬂ|'_ﬂ|'_ﬂ|'_d|I ¥ L
.: - o
b4 L L |
.. u 'I-'.
r‘ IIIII L] .‘. -
F b b bk h:.l ok o -
-
r --'i w .J
ot .
o
2 5 o
3 ' L
. ..
.J wl "‘
- = -
-:J o -,.1
o ™
[ Y
LI | b
-:J. I'll-‘. ! -..:J o ..
I} L -, -
T "t - -
A
IL"_{' ] .
..'r I|'l-".. -, .~
o [ ¥, {
ot ’
‘w L ] ) l"i ) LI |
o v ] U :a W
h-‘-‘-‘ 'l‘: ] q-trbb $ i'. "-Il
e : e 3 et
L] i :._1' '{- .
KT S : ! At
. _‘? LN I I P P N R I N P N L L i .

"o e
r
r

el et

.
e e

bbbbh:

L N NN NN NN NN NN NN BN NN NN DU NN NN NENL NN N DN NENL DN DN NN DL DN NN DN DL NN DL DL NN NN |

FEFEFFFRFIFRREIFEIREIRIFEIRFER IR RN R RN :"';.l.'l.-'l-'.-l-'l-*l-*b*b*b*b*bib*bklilkl-.l-il-i i -|-'hli-ll.l‘-.Il-ll-l-l-l-ll'-ll-ll'll--ll-ll'll'.-'-I-'.-'.-'.-"-.-'.-'.-'.-'.-'.-“ﬁﬁ“ﬁﬁ“ﬁw—“‘ﬁ“’ﬁwm‘ﬁﬁ‘.ﬁ‘.‘q‘qﬁﬁi -"! -""-‘ -""-"‘ -""-“ -"'-‘ -""-‘ -‘_ -‘_ -‘_ -‘_ -"_ -: -! -: -: P

L

; o
a
A .
. .
3 ; a A
'y . N -~ =« R .
Yy T T T T S e e e I I R R T I T U U T Ty
'y ¥ -
M -
L
- w
L
o
.
-

'
. X
TTLTLT, 5

. . .
. - . e
"_J'Jrlrlrdrdr--#dr_ql EEEREREEERERERKNLE

. . .
. ot

F-‘.i

T

LR

.
N N
o= o= == . LR L I

M T W N T T e e
t]
".’
i T, A

"\-l. t- '

r . .

. R ....-\.I -\.....'....... Lo e e e e LR, -".
E
1._-.._1

L

R

4 4 4

rF
T

.

T

r

x
-
F ]
-

r

-

r

F

ol

L L |

e

lh'lll

e e e e

e -r".’.‘i-

foammes el &

G1-7 Aup weosp s Aot w oBurun on

e e R N e I

1

"u

5

. .

- .,

.

:,. .

. 'f.'

a .

N .

'a b -

P P TR R P T | T T T TN T T NN T T W T B T [, = oo i

------- -‘--'-"-'-'1-'-'-'-'1-':.1'1-'1-'1-'1-'1-.1- T T iy i e Y e :'I':'I:I:I:I:I:I:I:I:I:I:I:l:l:l:I:I:I:l:l:l:l:l:l:-.': "meﬁﬂ o T T T

LA R R N N N R AR L L L L T

US 9,102,984 B2

1

o i
I-.I-.I-.I-.I-.I-

LI BN DN JEC BN DO DNK DK DU N JNK DUE NEK DNK DU DEK BN B |
R R NN NN NN NN

-

: ‘."r‘f'r‘f'r‘."r‘f".'rf".'1'1'1'1'1'1'1'1':'1'2'2'2".'2':-".'2'2".-2'1".':-'2".'2'2".-Phhhhhhhhﬂwwﬂﬂﬂﬂﬂﬂﬂwwwwwwwﬁ:-:.:-:.:-ﬁ:
% x 3%
- s - - wr i
PRIV MY
- ] LR, "M R Seale M p

A e e e e e e e e e



US 9,102,984 B2

Sheet 14 of 16

Aug. 11, 2015

U.S. Patent

F - . R I I

. .
drodr b odr oa b dp s n w a e  aaa R - a B N o i Fy - [ PR
x oa ko :..-_.r.iT-_. .__.r.__.r.__.._..__ .....rll..-..l.l..-.._...-. & Ak ko § & iy e A de e
oo S s o e R e el o Mo, 9 e ) .r.............r...ﬁ-. W Ak a
N e a L " X e e o . P
[ ad i W e e e P E Xk ki o
ety e T e a  a  a a Y P N L T
_l“n.“lk.q-...r.......rﬂ.#.-...*k.qf...&ﬂ. | hq._q..q..uq..__n-.__...q.___ .___....._.-_....41...4.4....4._._...4.___....44... P N
x P o L P A N P
dr eI ATl e A i ey e -
AL e M RN st e W
. ”#...r:.__....k_._.qt....q.w.. L .___.___ﬁ-. x,
e
. ”.;H.ru...“””...” k.rH.-”...”.qk.f.r” H o .
.
- P N Fut
PO I A e e g e
.
e e T . ) w'ay .
7 O T I O e e o Ty Py S e
" Py N A At e At AL I Ty i i .1“.........
2k A a A b O dr A dp e 2 - i dp ap g e de dp dp o dp oy
" R A L o x P NN P
o T T T e e e e e T e T e e e P Ll
e e e bl e JE N O w e
I T ol T o A o o o o . Pl IR
I I N L Tt ol o A el ....___. ..1._,..._... N A NN *
I I T T i I R et P gy t.-il P P P N PRl
e S T L I S ._,..___.._._-....._.r...-_..qk X A kR P i iy Sy P o L A .._.4.__;_ O -
P R ottt N L N ] ol w a T e ._,. U e e T e e e e e Pl .
L T R el i oo P N N N NN » ara N ._...._.-____r..
I T I I o P g Y P i i, e ol N N L N .
e a  w  a e E L Al Y P A A .q.r... Ll LN N et e,
W A T hq._-...._,.h1#.._.._.h_...q.-h__.__._..e_. Pl k...kkkt&t&ﬂ_. Pt ...#......k._...qﬂ....___t..tﬁ.t._.t.n.a P .4 T e P AL el
n##kbﬁitki ara .._.._...1..1.-...1......_.-..._...1..1...... i iy .._......__.r.r.t....._.....vl.t.-..._.._...1.._.._1...._..1..1.._..._..1..1.._.._..1 .!.rn.._.t.._.r.._.._.._.t.._..._..._.v.r.-..v.-.... B a o dr A o e S e e A S ey
e e F e e g S L g e Y Y o o U o e
4 g dr b b odr b b '.-..'..T.T .f.'.rl.l..'-.f.f.f.f.r.f‘.b...-.f .'-.f.'..r.'..f.'-.'.-. b ok b i i dr b b h koo l.r.r.r.r.fﬁ.r**.r.r..'}. *.r.'..f.'-.f.'..f.'.* b &b iy kK o a dr &b brodp &y bk irh B A Nk k@ .T.J.T.r.r.
N e R W Nt L L N N N NN NN AN NN e AT ur Pl " R *
b bl ok S s R .'H.'-T.r.'.'...*‘.'-.'- &y A e i o i o N dr g b b b o b kb i s ks Ny oo o W oa N i & & & r bk a2 & &k F ik E * i iy o ¥ [ o iy & F & i i E I - F [
ntr._,.k..q.r.-...lk P P N N e e e e e e e e e e b Wk Kk e Pl e 2k P L
RN A a gk e B e e e e dp o dr dr J ip up dr o d e dp e dr ar dp e dp Ol i dp i ok de e e dr dr Bl dr Ak dr g e .r.t.._-.._.__.r.t.._.._..-l... ar i i & .._..._.._. Pl iy ar P ] ar A Bk & A d [
P e R Tt k...u-_..k!kft e L R N ) .rtkh..r...rkktu.rbﬂ.rkth_tktuutr-ﬂ. .bub....uhﬂ..ah > .__ﬁu."ﬂ.hk...ktt W kk#trtrﬁ- L e W e ]
N dr dr Jr Jr dr dr i S 4 dr O dr ir & O o & b-'.-*l-l.l.*bb.bl.* [ i &g F s s s A ',

LAl N L e
E ] .l.l.l.l.'.f.'.fb.‘v .T.T.T.r.r.'..fl. I.Tl..r.T .T.T *...T.'..r.f.l..rl}..“
.... LA ......_.......1.._..._.._..._.__..1.1 .r.._.._..._..rl.r.__ ¥ .r.r .r............r.r.t.r.._
E L SCAE Al S NS N a-.....h_r.

i .........._ ....... ._...r.r.r... .-_.-..r.r.._ - ._...._ .....r....n e li..__ e kA e ........._......l ........

X o kKK LI A
o & F ] & A o & o & o F o & ar b & o b b o A F ]
3l X X e e . oy e ey m......k*...&.___ ““H..tnlﬁ&tﬂk* -
“'

e N
& dr o F ] o o F ]
sttt #n.__ o I I P A .__.u_.._. e

ar e .r.....r.....-_.r.........._.rt.r.-_ ._1 i I
Pl ..u........yI l.“'._.. .__l-..._l.... .r.._..... wa P .rl......._..r ardr ar X ....l.-_l.i”t....-_

dr e de d e S dp ke de oy »
" . .._..._....l.r.r.t.r.....- P P .rl.!......_.........-Tl..-. .r.r......_.r.rt-..!.-_ ........ x .........._......-......-..r........l......._. .r.-_.-..-_.r.r k a dr .r......_.r.!......_.... .r.........._.__........ ) .....r.-..... .-.t.r........._.-. .r.r.r.....-..r.........._.r.._..._.r.r.__ .._..r.r.........._.-..__ > .._.n.._..-.lt.v.__.....r.._.r.-. ..1.._.._._1.-. .._....n.._.r.._.r.._.._n.._.__.....L-......._..-. iy a
r b & x4 b & b I b b bk b b M od b bk b RO X [ k k4 kb b b b &k b M W k) I ' Tk ko b b de ke b ke de e b e b ke e ke b bk e Bk e
PN dr dp de drde Jrdroar b 4 b b a X oa L) [ A & d droam b Mk K a & b kN .._... A i & ki b ok W a i jr A b ..........r.v.r............r b b a b oa a kg '
- b & Jdroa i ........r.r.....r.....r.-......._........il.t.....r Wk b b d dodr dr de kbl b dr oA A X .-..............._.....r......_.._. ¥ dr dr i b dr o dp ke k dr b l h dr
N a b b bk oa kb ki & ok ek dr b b b & W b By bk h bk h § 2k kK P .....r......_....!.rr.r.rn....i.r.__........n.... b b b b bk Mroa A odr b b '
. & b & F i dr d dr i Jr dr Jr Il.Il..rl..._..._.r.t.-. & b W e b odr dr dp F & & & PN A e e e e e i e e e i I e e b e ey i e e e i
.._.r._..r.-..r.._.r.r.._.....!rii.r ] J b g b F N K o dp B b d e drodp o do b oy b oa b a doik Fonal L d e e b b W dr dr de Jpoxr kN Mk d kA a kg g '
. T T T A A .........r.r....-. b b b h My bdp b b b b e & b b b kb b b b b & Nk s
X & A s kb oa b Mk b N dp ok A K ._1.._..1......_. o h ik b M M dr ok e dp B i dr & & dr dr dr dr O ir g dr dr
Ry & b ko b b b & o Jp b N b &N a ® i Joa o h d b drodrode b § Jr b o Jrode dr - 4 J r dr b & O &
M boa b bk .r.tr.._.r.r.....r.__.._.r.._.r.._.__.._ .__.._.-..._....._1 e N e N I A e '
"s .__.._.._.._..r....in.r._.n.._.._i.__....r.._.._.r .._..._.r.r.._.....r.__.._.._..........-_.......r.....-....-....-......r.r....rt'....-....._.....-..-.r......_......_.r PR . e

Lk Y I F kb A Fo F kL a I » i F
ettt » R AN RN NN N NN .._.....r.._..._..r......_.._.._..._ RN P N .._..._n.r......_..r.._.
2 4 b B E b oar dr ko odp W m b dp b M drodp B b b b dr i A O dr & Jp Jp b b b O Jp d Jpodp b A 0 dp
R Ak kd kN 2k h h gk & b b B ok b b a bk b ah bk
2k ks a k kN kN kg ok .-..-.t-..._.._.._.r.._......r....-.-_.._......__.."'..__..-......r.._.....-.T.r.r....._..r.v.rl.r.._.r.v.._.._n.._.._.._....r
.r.r.__.....r.__.r.r.-_.r.-..-.

s o A A e
.._.r.._.._.l.r.._.... *

E I L] E I R **.rl.r.'.rl.'l.rl iy .T.rb-
n..__.r.....r.....__.....__.__.._.r....__........ it

EL A )

e g
N T NN AN e

....4&_-..4.___._..4____... ;
el M ¥ Ly g e e dp e e d dp ke
-
.4....4.,_.#_-.,_..__. h...__.k ".ﬁ.li-. 4 R kk...M-k.r&.q.fk.._............kk......

ORI R R NN

oo e W e i A e i
I T ............4_._....___..4.............__.... i .-........................ .r.r.-.......r EaE M

e e Wt O T K .r.r....r P

Ll M B F e g i Pl .-.4....._.._1 ._-l-. EAE At e A e At A A .

W & ._......_.r..,.r....r ._,. x> T e e

[ & &
ot ol W' NN T xx < NEEa aae > L N )

i o e e T e e e e ey e e ki

.._..4.4.__.

I S i O e o I N FF .... L ey
T D N R N N N L R I N NN A AL NN ) A e e Pl .__..1.....1......._1.........._1... N g
O S Sy e ey gty gty iy Mot i it .4....&-..4... L) o S S Sy Pty .r.r.._..r.r.r_-....r.r.._.._..r.r.__.r S el ..r_.r.... *x " .4....___.._..__..___._____1.___.4.__.4.___ a )
l..T.T E A A A .T.T.T '.T .T.T.T.T.T.T.T & [ ] .T.T*.T.T .-..T.T ar & .I' & H .T & iy i &5 iy .‘ [ .r.T.T.Tb.T.r.TI .'..l..f.r ....TE.T.T.T.E .T.T.r .T.r.r o A .T .T o ... F ] ' .‘ .T o i Jrodr i &b b o F & X & ]
"y .r.....r.....__.._......._..r.....r.....r Pt b & it e P i P .r.... .... i .-..............-_I.:..... .-. HI Ak k .........r.....__ Pty .__ .r.....__ .r.....__ N ", .-.l..r.............-_.-_.-..-..-..-.....l .....__..-..-.l '
e A - ; .r.r.r-_.....,.r.r.r _-... .....1.._ e RN X -
J oA M M bk O b 0k & & k & Joo Jdr Jp ok & & Jr & dr Jp Jp J ok Jr & Jp Jr dp Jp .....-.I "+ 2 o s dr o .-_.r.-..-.. Y ax & d ar J 4 dp A i Y
EE R N ) ..........r.......___t.......__.....__..__. ...-..__.....__. .__.....__. xR .......-_.r...._..r W ek ﬁa.....__.a_. o N RN M R M N
Lk ok k FE bk Mk ok ohod Bk ok A& & M N .r.r.-...r.r.....-......-.......-..-...-..-_ .-...-......-...... .-..-...._.-..._i.._.._.__ W bk kM kA .....-..-...-......-.......r.r.....r Jo X dp o g o i iy o% '
o e e e W e A e ATl e el W e e e e e e e e X M I tl.......t._.._-......._. I dr dr e *
P S S T T T S e N T T T S PR i i e o o .........r._.. I.I-. .r....r.__.-..r.__.....r.r.__.... Lk ok A b B B A B .r.r .-..r....._...-.
I A A T A T AL T A T A et TN A N g ......... » .r..,.__.r.rt.._.__.__..m-_.._.__.._.r.r.r LA N X dedr d ke ar ok xn...
I T T T S A T e A O T i T i AU U U iy .....-_.-_.-..r l......... .r.r Y Ak k Jm e dr O FUI R R i U Jr 4 dp o dr W Jrodr dp dr ip dp A .-...-_ l..-_.-..-..-. '
T R A A M N R ol ¥ & & “.I.” o .r...r.r....._MVH.r....a................a..........q... a..a...u*".fv
AR A e e e Rk ke e i ek e e A e e e e e e e ot i dr i .r.._..._..._..-..._..r Ak k koh & dr dr dr dr o dr o dr dp e dr dp dp dp Jdp o dr o [ .
2T e e e e R e e e e e e x W a i e dr i ._.......4 P ) g, e e e e e U
.r.__.r.r.r.r....__.r.___._...__.r.__..1_-....__.4.._.....___..1._.......4.......__......... * _..........-............_......_.r.r.................r....r....._.........._-..q.a...-...... e '
wle .__.._.rt.._......._......_...__.r.r.-.r.__.r.__.r.r.._.r.r.r.__.....___ .r.r.q.....r.r.r.-..r.._..r....r...... ) ......_.r............_..... o .__._-........_._.._..._. * e a a a a a  a
LN A NN -.ra....r.%"” ._-_._...... .r.._.__.._.q.__.r....r.._.....__...-.r .._....... ..........r.__. X e i ik i i .

it .ﬂl_...q......

gy it PR Pt i e el N A
.__.n-..r...-u-._ﬁ.l.-....._l-..r.-r.r....-....r.r.................. i e
L R L Nl N A o e N
P e N

N N e N N e N )
e ............4.4....4.._ a
b*'...r.r.-..r.r.r.r.T.T Y .r.r.r.T.T .T.T.T .T.T.T A .T.T.T L .T.T.T ".

A a om & & .-...;..__ & .rl.r .....;..-. .._....r.;..r.;..__ .r.r.-_i.rl..... .r.;..... O .-.I.-.l. -
bog i b b i b b e bl S b e de e e & Jodr drode b W&
dr ok b & & Jro dr ok b oa k J dr & Jdr Jr 0 Jr dr dp Jp dr i X )
e RN Nt Al SN N N
ERCR A s sl )

- ....r.-...__.rl......-.___.... & e dedp
TR AN N i X i Mok i
a2k h om &k kA .r.._.._.r.-_.rt.-...__.....-. .r.._.._.._.._.._ A .....r.r.....-...r.....-...........-...........-.......-_
. b b & b b b dodpo i e dpoip
xox

F - -
o *#....f......#

Al alde a bk R ke e
l.._.ll.r.._.v.._l..-..r
b b g bk kM o A koh

L
s ror M
e 2t - atna aataal
.r.r.lll.__

r o
- - a & a4 i b EIE N B -
I & o o .T.-..f F R I I U Y .r o o .T o o
._1.__......_..._.-.__ o .r........r it T ..........4...................4......”-...1._1....._1.4_._... ol .r.___._.__m_.q....r....__.... s ........._. ....... N Pl g A B
‘.r.'.r....'.r".'..-'.'.r.'-.-..'.'.r." dr Jdr dr dr Jr o dr b b 3 b W ok F] | I ) .'.T.T'.'-.'*.‘ .T‘l-l.' dr & b B oy A o oA i
R PN N L N N ...kk.rk_w.__k.__....k.q o L .r.,_..r.__....-.q... ol _-J.rrk...kt...kt *
e w  a  la T W a e a  wE e .r.._.-..r.._..._..r....-. ar p e iyl e dr e dr dr A A h & .r.-. ..1 ........ .._.LIII .I_-. W ..1.-..1.._...1 A dp
P A N Pt gy Y PN P e T ) ey T At o -
et ....k..u....r..,k.r..._.__._..b.r.._....__._...._...r.q.r.r .._..........,_.t.r...r_..r...._,. s ._,..-.._.h_..151..%._u,._...__....__._-.=q My ¥ .r...r... .l__..-_ ._,. ..1.4.__.*_..& .-_- ...r...kt....rk...t.._.—.._ P -
-'Hl E ﬁ . .T.r.' F .T.r-'- E A r ..l- .'- Jr & Jr b & W b & i ..‘* .'-‘.'.T.'- .T.-. - A .T.T.T o dr .r.r.'- r .r.r o iy o l- & & i .T.r L ] .' .r.f.'.r'.f.r .‘.-.f #
h..___h_._,.h,_-ﬂ.-b. _._l.,_. LA .rk-._,....;t -.;....J..... s W i e W o a w e ., h.._,.t_,.h,.,_.b. tk......nkt e e .J__.,_.... 1....&...;.1....4;...#&.__. K .___m._.. h__.__..____-.._.._a__‘_..#‘_..-.q e ] o
it W e e e LN N T T e e T L N N T e e o Pagre., g w s
iy tﬂ...t#u.._.r...utut.__...b...b#.rai-t#...!ut._. ........t....qt e et h_.-..._._..._.._q.,_...q...._...._.-__..#.._ X Il T . ....__..___tn.r............t.......r....q...t...t....q.-_._....t tt*.-.......... P et et "
.-_r.l.-..... [ LA - .....Il..r.r.._.r.__.r.._.l.i.t.ril..f .li..r.r.r P .....r.rl-.. .I.I-...r.r.... Pl s dr e i dr .....-...........-_.....r.r.r.._.._.....__.r......_.-...._....
._...qh_...L-.k.rkb P, S T W P .___...k .rr.__.rht.._..r P N N A .4.__.._,.._1......_.1-. PO .._. .-L_..k.....q.q.r.ab i e -
- s . A T . O R t.r...t.r... Py 4....._ .....1.__..1._,......1...._&- N o A e e LA IE NN i i T e e ___-.-_.......__..1.__.._._,.4_..
B T e e e e T e W T e #-__..4 T 3 e P e e e oy .-J....__.k... ...-__._. e X T .
B e e e e e Ny _...4.-_.. .____....1........1._1.....1.__._1...._1 e o W e e W e e e X e ..._._.__ - .._.L-n_q X a e w T "
[ e e i S S .r.._....li..r.-_.r.-..ll..__.-.i.-..ii. i om dp A .-...._.r .r.-_.r?.r....i.._.._.._.r.r.....r :  dr B dr o g dpdp A .-.......-.Il.....?.-...il.i s .... l..._ LI'.._ Sl drdp dedr b drodp A
e T T e e e e T .ru_._w..qkt o e T e e Ty LN N N o L L A " .-.._..__..I_.. o N A
NN R RN N N P Sl .._..._..._..r ._1..1 .._..._ B A droge e e o dp deh ok 3 e e A o l.-..._..._..._..._.._.....v.._..._..v.._. .._. .._. a4 A ar dr o drdra .._..._...1.._..._.
T i e .r.__....q...t.r._._ P A Ay S T T L L M e e .......___......: _ﬁ_..ﬂ__l...r.-_ .......q....q.r.......m-_ e
T T e e e e R e Tl T e e R e e T e e S B e e e ™ .._.r.-......r.r.r.r.ri.r.__.r.r Rl S S A i e e I S e S N _-..-..rl-. R A W W .._..-......r.-..........__.-. > Pl
P R R N R T R N T R A A AL ..3: w N N At Ty Pl N N AL A N e ..._...........4...... v ..1..._.1.4..._..____.—..1 ﬂ..r_...q
P .:_.u...t...tut....r....qk....._u...k.-... w e W A &._-.3__.._.-_._1.__-.4*.-.-.._.*_.._- AR Attt N NN AEN A ACale Al 2 Nl N .r._.. x At Al At o Pl
s .-..r.._.rl. #bl#.{"ﬁ.*ﬁttkb a o ae P L N i de & b A de e gpodp dp de dp o dp ¥ .r.....r.-...__.r-......_.-..._.r.r.... -l‘ .....-...-_.rlﬁl..r i'l......r....ﬂ-...-.......r
A e e e W e W s XA N e N Mot e s W .......__..._. _..u_.......u...kk...k.._....-_..k... L AN
..r...r...t.r.r.n.__.r.r.._.............r.r....r....—............r....r.r.r.r-r o PaC - P N s N A o e WA i ..............._q... ._-._..4......_.1... A N ey
R b om b oah B oddp ok M b ok A P ) iy kO M bk i g B dede g & g dr X i g P NN dr drodp b drdp b b B b Jroa dr o .r.r.r.l'l..... I.'.I. ll.l.....r.-.. g ae a0
W e e ke W b.akturbr.k.q.rrt N Xl R aCar N A ] ...._,..r..__q......._,......q..r.._t...kt....r.r.r...t....._-.r o e W e .._. .r&.......-&... LY K &...t..,...tk_—.q
D el ol o WA e ..-#&...#.-tlt;.r#t.rt » x T R Wl e et X ..
e S A it R e R 3 a B e R e e Tl M R e e R I e e e e S i e e e e T e o T T i B e e Al S P .r.....r.-.ﬂ.__
...Hi.l....__i.T.._.t.r.;..._l.__t.__i.!l....r.._.r.._.__i.._.r.t.-..;..r i, .-.IIE. ....._l..-...rli.hbi.._......_......_.__l..r.__.._ .-.l..-.....r...............ti.._in At .._.__.r........t.._l..-...;......"_".-“ll......__.-...T.rt.r.;..._.;..rl......t....!....l..rl.r...l.....rb..r .....r-.....-..l..._.t....
e e T e T T e T #k.rrk....ak...kk.rkk...ht...k.q...k

¥ A M A R M W A Ak A dode g Ak N . Y Y
e ok -.r.-_.._.r.._.._.._n.._.-.._...r .r”.-..._.t.rnn.r.rn........r\”l. n.r....r ...”.._.....r”.._ n”.t”.._ i
" t.rl_....._ a s aa .._.-.l i _-_....._ .r......_..-..._ .r.._..._. s )

E o o E o L] E . E o
a .__n.-..._..._.....r .._......-_.I.r .._......-.....r......_. s .-_.....r......_. et ......_..r I .........._ Pl x,

r

.............rl.r.._kbvnﬁi_.n.—kk##.—#kk#.— drar WL a ko d de b g de de ke e

a s Ny A d e kN X b N Fodp bk b oy by b oy A W de dp i o b M oa ko N N i J W g b i i X4 L dr ek bbb b M X X
. IHh.-..._ nn.-.._.r....t.rh....._.r.._n.._.rl_.-..w.._.._.... ln.r.._.._....n..r l_.rn.._.r.l.._.i....-. - .-.:.._.-......._.._.._.r.r.._.._.n.._i.r.._h.._.._.._ . .... » .r.-_ t.r.._..r}..._.._..-. s l.__..._.t.._.r.rn.r.._.__.l.._..._h.r.._..._.r.._.l.r.....-..r.... .rl.... .._..r.r .._..r.._..r.._..-..r.....r.r.r......_..r.r.r.r.-_..r .r.r.._..r.r....l_l.r.._ P .....r.._.._.l..r.._.-..._.._.
a’ b b pidrm a & & b jn & ¥ A a hh h h oa b kK ¥ 3 LI PENC RN S N ok b ks l....l.......-.#. lbnk#kbbwht X i b & dp ik
A rm a s Kk Mk o hoh 2 b b b by Mk kg .-.-.r.r....r.r.....-'ll}..-................-....l..rl.-. Pl ok bk bk ....ll..r.... dr e LW X A ........
» .._.__.ri.._.._. .n.rin.__.._.r.r.__.w....._.i.._.__ Lok ln-t A .T.-.......I._..t.r.._..__.'._...__.__.._.r a b K I lnr Ak k .r.__.r.._.__ 4 .._.__.._.._.l..-..r....l.._..l..-..._.....l..-. l".'....l..-_l..............r.__..............l.}.._.-.vti....rln.r.r.vn.._..r.....__.._....l.h.r._..l..__.t.r....__.-..... ¥ o i Piafie
..ri...n._.-..._.._.._.._.._.._.....lt.. B AUE R Al L l.". 1 .-_I.-. o .ll.iil.

A e i e i d s dr X s bk
g g Uy i .riTl..r.r.r.r o
ettt .__.r.-.Hl".r ........r.-..-_....-......._..r.......-......r.....-.....r ok & b ak »a ' k@ﬂ

T .._. i .rl.r.........r.....-..__ .....-_............-.I.-_t.r.r.._.........r.....-..r.r.....r.—i R

A

F ir \'*k*-i L]

ir oo Ao dp i‘.l. L] i?l.il.l.b..l..!l.bbb.b.b.b..i o dr e
Y .r - .r.-. .r.........-.. Jrol Jp Jrode Jr b A Jp - X a I g dr O
R e e ....... ......_.._.__1-...........___.....1.._ ....................._-..._ > a oy
) e .r.r. Pl S T b A e )
2 a .__......4.._...._._._.......4 o R A R ) PR Nl '
nn dr b b B F Jr b b & O o b o kb a X b ki .r.r.__..__.._n.._..._.._.
- .._..r.-.q.._..._..._. T el Lk e IO
ii.ri a .... ) .-...r.....r.r.-..-...r.....r.....r .._.r.-........_ i & ¥ Y ko
2 ah .r.._.....r.._ .r.-.._..._.. r.....r._...__.r.-..r.r.....r.... .r.r.__....... - .r.__.rn
.__-.._. A a .._._1 ar i A .r.._..r drodr & dp i de d de dp i g drode d B e gk
. > a .r.__.r.... & > .__.r.._.r.._.._.r....?.....__.r.r.....r.-..r.-.......r
a d h § Ak .._.__......_ .__...n.r e e g g sl
a i d ok A ik ..1..1.....-...1.._..... el
Wy or & U dp b Jpogh 4 dp Jp .-.i .r.r.__.__ P
W = & A b I Jr k) Ak X bk b ¥ R U
EPCE A ACIE N A N PN Foaa ok u o N
- -
TR .__.....r....._.....l Pty iy T A * P

- a b o - - " - - o b s A oA )
R A Y ] N
l.rll.'.rl b,

.:....._...._ ot ity ety ........_..r........................... P I
.

i e ke ik e N L N N N N )
e e T T T e AL CaC ) '

L e e N N R e MM M Ml

r....r.......r..........rlt.rla.r.r....r.r....r.__.._..4.._.1......_.........._.._1.._ W e e e i * i Y .
P L, t.r.rt...l.q.._ STl #IL-_... e T T g
.__.r.__.r.__.__.__.............r.r.r.r.__.r.r.r.r.....__.-. ................... .........rIT..r o o T e T e o o Ill

.........r.r.r....r-.&.......r.r..r....._......k.r.._ .r....q.r&....r....._....q.._.ﬂ..qk....rt.r.._ ...._,..qt._,..._
e N N e e Eaa ) dp e e Wy e ety ap e U e dr i a
ol A e N B .,_..-.r..q.,_.r ...u......__..-_l.___..q.- L e U W e ke i Xk
e L L R U L A R e e e e T e e e e
I......_ ettt .-..r.r.r....l-..rl.....r.r.r.._ .....r..-'i..._ Tt .....-._....r.r.r.r.r........r.._ .r.r.r.._......r.....__ .....r......_......-.....-..-_.....r.__ I....l......_ .._..._......._ * .._......rl.r.... o it .r.._..._.t.....-. ........l.l-_ ........ .....-_
R e b e kW e a ) e T T

o Wi b bl b b od Ak * b & ek b N Ak A i i dr gk Bk M de J g B & g Jodrdp o de de de
- C R N NN Hlnluwﬂibi!lut#tb.l#kh#.r .......r.......rl..

h.._..-..._.._l..r......_.._.r.._..._..r.._..._.t.r.r.._.tl.t.._.t.._. .._.-.__.._.__.._..._.__.-..._.t.._.._.t.._.......-..... A Ak K A koA kA X &
__. a e  a  a

2 a .r.._..r.r.._.r.r.....r.r.r.r.-l. o
o e e
.............r.rt.........t.r P A I A e N R e A R ) dr e dp e de iy i
.._.r.r.r.__nl.__.r.._.....r.-_.rn.._.r.r.__..._.__.._.rn.....__.r.r.r.._i.._.__.r.r.r.._t.__.._l_.rt.... n.r.-..-..r.._..-..-.i.._.-..-_.-..._._...r.rl .r.r.._t.__.....__....... .r.-.._.rh.r.._.__. .rl.._..._.....r.r.._......._.........-.l......-..__.
S e AT N AE I e N It I A L A SE N _-_.TLI-_..!.I.....__.r.r.T........T.r.r
L a2 d b j Ak bk k k k dom b b b & J Bk jp B b b dpodk Jp ok g b b dr o drodr dp Bk & A 0 ....r.........._..-_.-......r.................r............
II.-nnhn.__i.rn.._n.__.._n.__.._.__......_l..rl......r?.__n .-_.__i.rn.._.....__.....r .rll..__.r dr Jr ol dp b b b b Ok de dpodp beodp b 0
S N e L L I e NN e e o de @ d BB Mk J b by b b 4 & J 4 odp X .
R e R N e N N N I R N N
LI T R N .._....tln.rn.r.._.-_l_.._.r_-......r.r...i.._nh!.rn.r.-..._.r.._.._.._n.rn.._i.r.._.._n.r.r.-.t.._n.r X ...I.-..r W .._..._.._.-_.I.._.....r.._.._..._.r.r.._..__.r.r.....r......_......r.....rl.....r......_. IS .-......-. .
.r.._.._.r.._.....a..r.r.r.._.._.a.t.rl..._.._.r.....-.r.__.r.fl.._




US 9,102,984 B2

Sheet 15 0f 16

Aug. 11, 2015

U.S. Patent

. . . P P S
s s N N A N A s a s aam araraaam i aow adrde o deode i de de dr de deode e e e e e e e e e e e e e e e e e e e e e e e o e e e e e e e e e e e e e e A i O O O b e ke A a
rr r F rr rr rFrrFrrFrrF FF 1 110 1 F F L [ T T . . &
.
»
-
.
-
. - e T T Ty B )
" moaomoaw 2 e e e e e e e e e e T e T T e
T
.
&
.
.
&
aroaomoan R I R R R R R R R R R R R AR R A
'
L[]
.
-
L[]
.
. .
3 T I T T T Y
" = & w s a = .1... r fF Fr r m r r s r r s r°f r°r rFrrr.:@smr &
e .
* »
.“._. .
I . . .
&
o . -
..I ..‘L- Ll - . ..I . L[]
T T § =2 2 2 2 2 2 = =2 a2 aa 2 a2 2 2 2 2 2 2 22222 aF R . o
R T B R R R R R NN o P T . A i
- —
[ .r_l.-l.-.ll.l.-.l.-._-. R -
. . '
"-_ S, . R »
- '
.
.__-_ » PO .-..-. 2T, .-.-
1.3 ¥ .
L] L3
e “n .
EALAL MM RU AL A .ri“l..... . . .
- - T - - a2 oa -
Fna ek . l.._.___..__r..__rrqr1—1rqr1 T LN R R T T R
- .I. L[]
. . - »
L]
. - -
v . . .
, -
C L. o .
"
' RERENNN . » . A . . . 1
"L oa oL N F R FFEF P a4 m L m s L s ma m 4 M s m m E s E s m E 4 A E a2 E E S a2 E a2 m s &4 m a2 &= &5 &2 oma 4 2 & 2 4 = 2 2 28 2 2 4 2 2 &8 un &2 =2 2 2 =4 a
i . . . T A T T A T e e T T A R A R S
i__........_.___. " .
N '
DR . .
- - .
.. .- -
-.._.___..___._._.-_..___..__.._1___. N
-
) . . . . . =
LeoL - e o R T T N T I T R T T T T T T T o o
. ST . . ' . i Lt - St - . . Lt e ettt . M . . . .
.
&
.
»
n L[]
-i.__i.._.__-.__Illliiiiiiiiiiiii-iiiiiii-i-i--ii__i.._-i._.._.._.._.__.__-iiiiii...iii...iii-ii-.._._.._._._.___.__.r1._._._._._r
P e T T T e e e ' B e S A P .

" 2 & a2 m a4 a2 2 a2 a2 2 a8 a2 2 4 8 2 2 4 8 28 2 2 & a8 2 &2 & 4 2 4 % & 2 2 2 &2 2 2 2 2 2 2 2 2 2 2 2 2 = 2 2 2 2 m 2 2 &2 m 2 2 &2 &2 2 2 &2 a2 = 2w = aamawoaanm

. I_-.. IR . .t
, “-_..-.l ..-_I .__...”.i._.. » ¥ .1.-”.
- I...q.-.-.l_.-_l.-._.._.. 'y » - s .__.1“.
.r_ ' 1*‘ ‘.- 1] ..".T'_ -k

.
.

L[]

P I I R T R T S S A N A
" e e ey .

.. * .

.. .. . .

Tt et .

__._-._..1..... .

PR R R __.1____.1“.-. Lo N R R R T R R R i
__..-. . . “' -

__..-. . C o .

& .. . o .

. . . R »

' .-_.-..I-_ »

o aw w aww wawow o x ko ko drodr b o o oar oo oar ar ke o o o owr s oo o d o w e w ke oa o bbb deoar e b b ke b i A A
F 1F F F 1 F F 1 F 1 1 F TF 1 o 1 1 F 1 F P F OFF 1 FF 1P F N . . .. « &
R e
L] -
l‘ .l.
u" "...
a o o o i L]
[] ]
r -
|‘.1|.|.1.1|i\lin.rnl..ul.in.rli\li\.lnhln h
l' '
e
wour R N 3
a .
L]
-
L]
-
| ]
" -
e [}
-iiiiiiiiii-iiiiiiii-iiii.{l.ll. S
roR -
| ] =
P
[ ] [ ]
P
L]
P
-

R R R T R N R R N N T T L N P T L N N T L N
ror r r - r .

rr F Fr F FFFEF FFr

RN EET I NN rEErEErmsme
il T L

FF

FFF

ERLEE B |
-,

'
LERE LR “
ERE I B T N N N N P B I I O N N N N | PPN N N N N B B B N B N A | EIE T I B |
PR FOROF P FOR R - -......—_v..q.....v__—__vmi_.-...v.._.ru.....-.u. ST T T T
- .

F F

1 . . .
EE R N R N N N N R N N P B N I R N NN B NN N N N B NN N B | EIE N N NE BE N I NN N N - 2 2 = = 2=

1.-..1..-.. o .
o

Fr ik

A "
ey
Pl S
R W oa
I- 1-..--
. Ca
K
o P
__.l._. LI |
N
. e
e e
"a . P
.. -
LS
.
"]
.
-
A
C e e
T ..._.-_-..
A S
T,
' P
. c e
T X
o P
13 aT
.-.I.-. e
—aa
iy o o=
T
.-..-..-.n.rli.k.
A
o
. r

S
a L
- .
-
e

il..__.._. Ve
- “. i
"t Tals

r Pt
- - P P N R R R R R ) )
. l.....-_”.-l..l e ll.....' l.__l....“.-l.-_l..rl.. rx,
N AN TN AT e
LICIEN OGN AR M e s E N RN
2k e - e, " '
r r '
L L L B L B O L B LU L B T T T B T T N B T R T T I e B T I i A R R 2 s wwwrxxa .l..l.l.l.l.l.l.l..l.l.l.l.l.l.

e e e e e e e e e e e e e N e 4 . . 1 . A m L1 L E 1 a mo1 aE L EE I a2 E 1 aLamamaoaal
T T e S S O e T O T I N
P i e il . .
o

'

.

'

.

'

.

'

.

. o . '

e . e T T T T T S T A T e T T L RO RO

4 &4 &4~ & & & & & & & § & & & & & & & & & & & & & & 4 4 4~ & & & & & & & & & & & & & & &4 & & & & & & & & & & & & & § & E E N ¥ E F ¥ ®E F = Fr r r r LI L} L ] r o
A -? . . - .
o ' '

1]

.._..Ltl_. [ . » f

o ¥ . e .

e e e e PR N .

Ei ] : ¥ » . e '

" . a e .

r - L] L) '

w o.o- .. ' L . .

“u . ™ e *, . . L . L T R

" aoa s r'a s a2 L maaaam L) L R R e N AT N R e
' ) .1.-_lnlll.-l.-l.-l.-ll... ) . . e ”.
A ] o e .

& . . ' s . . e .

. - » . . o a '

1 . - .. ow . . . » .

. - Y [ '

A ) - - - "

S . -.r.vi.v.tv.l_...r_..t-.t-i .”.

A s a . .r.. ) e e e s a maa s aaaa 2 a s aaaaa AR R [ T T e e T T P e e T
L A N L | .

. .
.-_“.._ '
r . .
g '
.
e '
T . . . P
ma e e g e e e A e e ey A e A e e N ] .“.-....-...._...._. e P L L
i . . . L . i s .
g ae .
T S '
.
.“.._ n
o '
.
e '
» .
- '
. . . . . . . . . - . - T A T T Lo - - Lt L L L1 mLaE L w1 o=k
T T R R T R R A R A A N N L R T R R T T T T T S e S S
. . » N
. .
. '
XY .
.
'
.
'
.
a
T T T T T T T T T T T T T o o T T oo T T T R e N R T T R R R
e T e e . . . . . N
'
.
'
.
. '
-k .
e .
- .
Fu .
3 »
K
- a e (- . (- — e [T T T T T S e e R N R R R R R T R T S S R S S T S S T

hl:....[..i-.... '.__ L] H

ll:.rl...- -
4 FF B » 1
[ *

- 4 1 L L L 4 2 4 & 4 m 4L A E A 2 E & 4 N 4 A N & 4 2 2 2 & 2 a2 E B2 A = &N N 4 4§ &
" A = 2 ®m = ® m EF ®EF A EFEFFERFPFPF r L T T |

a2 =2 a2 a2 = g
Fr Frra1rraorrorr . .

a2 4 &2 a2 x5 a
r roor r F o= s

L T A A T T T A A Y
m F

L O T R T T R N N N
. ity

a
.
a
.
a
.
-
.
a
.
. LN . "1 R B I . E N E E E N E N ®E & =& = a4
.r-._.._-._.._-._.rI.q. FFFEFEEFEEFEEEFEFEEFEFErrFErFaoorreoa
'
[l 1.l._. .
.|-..1 t l.n -.1
T . - a
el . .
-l“ ‘ﬁ IL
r - . ¥ -
el - .
* . - P a
. . . . . . ..-..._i.n.- IR N
. R A N I I N R
T Ty . .
a . - a
& . .
a - . -
[ . .
" . ¥
e . .
FOF - -
' .
ra T - F
. . i . . .
. ra -

dr 2 2 = m s om moaow =

“... by

'*'1‘-"1';'1'1':'1'1.- L

+Tatal e aTa e e ey

. . ra -
Rttt ey -
. . a
' r
A :
rF . a .
. ir r
ra .
. Ty .....__.........
E R N L N N N R N N N N N N N N N N N B N N N N N O N N N N P B O N O R O B I O B B O I O O O I O O B O O B - - = =
. m s marrwrrErr s s r R rrr PP roror b Fo=ro=Fop Fome e e e T TR R T e e T T T T e T T T T T T T T T T T T T e e Ty, e . ¥
- a .

»

-
»

-
L]

LN
"

::
:
.
h b b S

LB I B

-
LI P NN

Ll
r

. ...
...“1.-..__.-...-.1 - I_l".q
AT LI‘_.-.l i

o

.:.l.._q ..-._-.._..._
- . awa

e Ny
N

N .
-

. R

et
R P
r i

E
» __....1 e
.-..-.. 1. A,
rE St}

..
N
- r
- H.._.
P x a
o [

LT,
....-. r.__ .._..__ '
L] L I

L] LI K]
g
ke




U.S. Patent Aug. 11, 2015 Sheet 16 of 16 US 9,102,984 B2

BN NN NN N NN NN N NN NN NN NN NN NN N NN NN NN NN NN NN NN N NN NN NN NN N NN NN NN NN N NN NN NN NN NN NN NN N NN NN NN NN NN NN NN N NN NN NN NN NN NN NN N NN N NN N NN N NN NN NN NN NN NN NN N NN N NN N NN N NN NN NN NN N NN N NN N NN N NN N NN N NN N NN N NN N NN N NN N NN N NN N NN NN RRRS

150

100

ACTS
50 RPLPO GSTM1

¢ AURKA{ BCL? MAPK1
G

Day 21 live Colony # (% of control)

IGF1R

¢

MM MM MLMOMLOMLMLOMOMLMLOMLMLML MMM MMM MMM MMM MMM M LML MMM ML ML ML MMM ML MMM ML MMM ML ML MMM ML MMM ML MMM ML MMM MMM ML MMM MMM ML MMM ML MMM ML ML ML MMM MMM MMM M LML ML MM ML MMM ML MMM M ML MM ML MM ML MMM MMM MMM M ML MM ML MM ML M MMM M MMM Mmoo e oo d

e e S S S S S S A S S S S S S S S S S S S S S S S S S S S T S S S N e

e e e T T T e e e i i i e e e e R e e i T i T T e e e e e e e e T i T T i T i e T i e e e i Ry i i i e e e e e e i B T T T T i e i i T e e e e e e e T e e e e e e e e e i T T T T i T i R T i e e e e i e e e e i B i e e e e e B e T T T e T i i i e e e e i i i i i e e e e e i e e e . B T T T T T i T e e e i i i i i i T e e e e e R B B T T

200

150

100

Sy
-

Day 21 live Colony # (% of control)

0

[ S S s S N S S S T S S S S S S S T S S S S S S S S T S S S S S S S S S S S S S S S S T S S S S A S N S A e e

o

P M M M e

FIG. 13



US 9,102,984 B2

1

SYSTEMS AND METHODS FOR
INDIVIDUALIZED FUNCTIONAL GENOMIC
PROFILING RELATED TO CANCER CELL
GROWTH
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The present application claims priority to U.S. Provisional
Patent Application No. 61/473,222, filed Apr. 8, 2011, which
1s incorporated herein by reference in 1ts entirety.

This invention was made with Government supportunder a
Phase 1 SBIR Grant No. 1 R43 CA141962, awarded by the
National Cancer Institute. The Government may have certain
rights in the 1nvention.

10

15
FIELD OF THE INVENTION

The present 1invention relates to systems and methods for
identification of genes related to cancer cell growth and, 1n
particular, to systems and methods for individualized i1denti- 20
fication and targeting of genes that atfect cancer cell growth in
a patient to optimize cancer diagnosis and therapy in the
patient.

BACKGROUND OF THE INVENTION

25

Advances 1n genomic research have shown that each
patient has their own unique tumor profile with patient-spe-
cific genetic varniations. While silencing RNA (siRNA)
screening tests can i1dentity which genes drive tumor cell
growth, results obtained from these assays have been limited
in their clinical translatability because they employ cell lines
growing on tlat surfaces. Cell lines exhibit extensive chromo-
somal 1nstability and behave differently depending on the
culture conditions. Cellular response to siRNA 1n these
assays 1s thus influenced by their attachment to the culture 35
surtace and cell-cell contact.

Anchorage-independent three-dimensional (3D) growth
assays are considered to be the gold-standard for chemosen-
sitivity testing, and leads i1dentified with these assays have
high probability of clinical success. These assays utilize dif- 49
terent types of matrices, including soit agar, to inhibit cellular
attachment and allow for 3D growth of cells. Transformed
tumor cells and stem cells, but not normal cells, are capable of
growing under these conditions, since they have the innate
capability of uncontrollable cell division. For example, nor-
mal epithelial cells depend on cell-cell contact and attach-
ment to a physical support for survival and growth.

In their current format, however, anchorage-independent
growth assays are not amenable for large-scale screening
because they require large numbers of cells and the plating
eificiency of human tumor biopsies 1s very low. Furthermore,
current assays are capable of testing only one inhibitor at a
time and are tedious, time consuming, and costly since they
are not easily amenable to automation.

Moreover, the current systems and methods known 1n the
art for 1dentifying, diagnosing and treating cancer cells are 55
not capable of being used on an individual or a personalized
basis for patient-specific therapy. There 1s a need, therefore,
for an individualized or personalized large-scale screening
assay system for identification of genes responsible for
anchorage-independent cancer cell growth and for identifica- 60
tion of cell-specific mnhibitors of cancer cell growth to opti-

mize cancer diagnosis and therapy.
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SUMMARY OF THE INVENTION

63
The present invention provides a personalized diagnostic
tool to classity tumor cells 1 a specific patient based on its

2

functional genomic profile and personalized systems and
methods for the 1dentification and targeting of specific genes
that affect cancer cell growth 1n a specific patient.

In one aspect, the present invention provides a method of
classitying a cancer patient based on response of cancer cells
ol the patient to one or more of a plurality of active agents for
prediction of elficacious treatment of the cancer patient. The
method 1ncludes obtaining a tumor biopsy from a patient,
isolating tumor cells from the tumor biopsy, detecting and
identifying one or more abnormal genotypes in the tumor
cells, obtaining a biochip comprised of at least one slide
coated with a base layer comprising a first matrix and a
plurality of spots, wherein the plurality of spots comprise a
plurality of active agents capable of influencing tumor cell
growth by affecting gene expression, adding a second matrix
that 1s mixed with, or layered atop of, the tumor cells, wherein
the tumor cells are exposed to and/or incorporate the plurality
of active agents, and wherein the first matrix and the second
matrix support anchorage-independent three-dimensional
growth and the second matrix limits tumor cell migration,
growing the tumor cells, measuring the growth of the tumor
cells, and determining and 1dentifying which one or more of
the plurality of active agents atfects the growth of the tumor
cells of the patient 1n order to classity the patient’s cancer.

In another aspect, the present invention provides a cancer
biochip system (CBCS) for assaying cancer cells from a
patient to classify the patient’s cancer based on response of
the cancer cells to one or more of a plurality of active agents
for prediction of efficacious treatment of the cancer patient.
The CBCS includes a cancer biochip comprising at least one
slide coated with a base layer. The base layer 1s comprised of
a {irst matrix and a plurality of spots. The plurality of spots
comprises a plurality of active agents capable of influencing
tumor cell growth by affecting gene expression. The first
matrix prevents cell attachment and supports anchorage-in-
dependent cell growth. The cancer biochip also 1s comprised
of a second matrix for mixing with, or for layering atop of,
tumor cells 1solated from a tumor biopsy of a patient. The
tumor cells are plated on the first matrix and exposed to and/or
incorporate the plurality of active agents. The second matrix
allows the tumor cells to grow 1nto discrete colonies, supports
anchorage-independent three-dimensional cell growth and
limits cell migration. The growth of the tumor cells of the
patient are measured to determine and identify which one or
more of the plurality of active agents affects the patient’s
tumor cell growth 1n order to classify the patient’s cancer.

Suitable active agents include, without limitation, DNA,
RNA, siRNA, shRNA, antibodies, small molecules, proteins,
peptides, peptidomimetics, pharmaceutical compositions,
drugs and combinations thereof.

In one embodiment, the one or more active agents include
siIRNA.

Each one of the plurality of active agents of the present
invention may affect at least one gene and/or at least one
expressed gene of the patient.

The at least one gene or at least one abnormally expressed
gene which may be affected by the one or more active agents
may include, without limitation, proliferation genes such as
MK167, AURKA, BIRCS, CCNB1 and MYBL2; estrogen-
related genes such as ESR1, PGR, BCL2, SCUBE2 and
ESR2; HER2 genes such as ERBB2 and GRB7; invasion
genes such as CTSL2, MMP11, CD68, BAG1 and GSTM1;
druggable gene targets such as IGF1 R, TNFRSF10A,
TNFRSF10B, FNTB, BRAF, MAPKI1, PIK3CA, CSK,
HSPCA, HDAC1, DNMT1 and DMAPI; and ACTB,
GAPDH, RPLPO, GUSB, TFRC and cyclophilin.
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In an embodiment, the first matrix and/or the second matrix
includes at least one transiection agent. Suitable transiection

agents 1nclude, without limitation, chemical transiection
agents, lipid-based transiection agents, cationic lipid trans-
fection agents, non-lipid based transfection agents, electropo-
ration, molecular-based transfections, laser-mediated trans-
fection, pinocytosis transiection, osmotic lysis transfection,
microinjection, viral delivery systems and combinations
thereof.

The tumor cells from a patient may include a detectable
label such as selectable markers, fluorescent markers, fluo-
rescent nanocrystals, quantum dots, fluorescent proteins, bac-
terial enzymes, or combinations thereof.

The thickness of the first matrix and/or the second matrix
ranges between about 0.1 mm to about 1.0 mm thick and
provides an environment 1n which cancer cells can grow 1nto
discrete colonies. Any of the following coatings or a combi-
nation of coatings may be used in the present invention: soit
agar, agarose, hydrogels, methylcellulose alginate hydrogel,
polyvinyl alcohol-hydrogel, collagen vitrigel, poly(2-hy-
droxylmethacrylate) hydrogels, PVP/PEO hydrogels or
copolymers of 2-methacryloyloxyethyl phosphorylcholine.
The matrix allows for the cells plated on the slide to form
discrete colonies.

Each slide 1s able to hold from about 1 to about 150,000
spots that are about 65 to about 120 um 1n diameter. Suitable
slides of the present mvention include, without limitation,
chamber slides, glass slides, polymer slides, plastic slides,
polystyrene slides, quartz waters, or combinations thereof. In
one embodiment, the slide 1s a calibration chip comprised of
positive and negative control agents which optimize cancer
cell culture modalities, specificity of active agents, transiec-
tion methods and reproducibility of the assay.

The plurality of active agents are separated from one
another on the at least one slide by using at least one or a
plurality of spots or wells formed within the slide, by using at
least one or a plurality of spots or wells created by placing a
removable member on the slide, wherein the removable mem-
ber contains at least one or a plurality of orifices which act to
separate each of the one or more active agents from each
other, or by using at least one or a plurality of demarcations
ctched 1nto the slide which serves to separate each one of the
one or more active agents.

The methods and systems of the present invention include
a means for observing tumor cells grown on the Cancer Bio-
chip System (CBCS) such as, without limitation, microscopy,
scanning, laser scanning, fluorescence detection, automated
fluorescence detection, a CCD camera, cell counter, auto-
mated colony counter, the human eye, FACS or combinations
thereof.

The present mvention also includes the use of a computer
program to 1dentify and count colonies of living tumor cells in

real-time by the CBCS.

BRIEF DESCRIPTION OF THE DRAWINGS

A fuller understanding of the nature and advantages of the
present invention can be gained from the following descrip-
tion when read 1n conjunction with the accompanying draw-
Ings.

FIG. 1 1s a flow chart of the CBCS system and method
according to the embodiments of the present invention.

FIG. 2 shows plating efficiency of primary breast cancer
patient cells on the CBC-1 according to the embodiments of

the present mvention. (A) are photomicrographs of MTT-
stained CBC-1 1maged at days 21 to 22 (patients 19, 20, and

21) and days 28 to 29 (patients 28 and 29) 1in culture. (B) are
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bright field photomicrographs of growth of primary breast
cancer patient cells on the CBC-1 after 9 days in culture,
showing entire wells of the CBC-1 with 100, 300, 500, 700,
and 1000 starting cell numbers/well. Colonies appear as black
dots. (C) 1s a scatterplot showing the linear relationship
between starting cell numbers and number of colonies form-
ing in each well for the patient shown 1n (B).

FIG. 3 provides representative photomicrographs showing
expression of Accell Green 1n primary breast cancer cells
according to the embodiments of the present invention.
Shown are merged z-stacks for bright field (BF) and fluores-
cence (Accell Green) images. Treatment groups include no
s1IRNNA and Accell Green siRINA (2.5 uM, 5 uM, and 10 uM).
Fluorescence Accell Green signal appears as gray areas.

FIG. 4 provides photomicrographs which show suppres-
sion of EGFP signal in M4A4 breast cancer cells transfected
with Accell EGFP pool siRNA on the CBC-1 after 8 days in
culture according to the embodiments of the present mnven-
tion. Photomicrographs show merged bright field (BF)
z-stacks and merged green fluorescence z-stacks (EGEFP).
EGFP signal was expressed relative to controls (n=>35);
“P<0.05 relative to control, and “P<0.05 relative to 2.5 uM.

FIG. 5 shows suppression of MCF7 cell growth on the
CBC-1 with Accell ESR1 siRNA according to the embodi-
ments of the present invention. (A) are photomicrographs of
merged z-stack 1images from different wells on the CBC-1 at
day 7. Four different Accell siRNA sequences (ESR1-1,
ESR1-2, ESR1-3, and ESR1-4) and a pool of all four were
tested at 10 uM. Accell non-targeting was used as a negative
control. Cells/colonies appear as dark dots. (B) shows
changes in average MCF7/ cell size, and (C) shows relative
change 1n colony number between days 2 to 7 normalized to
control (n=3). * indicates conditions that are significantly
different from control (p<0.03).

FIG. 6 provides representative 1images showing MCFEF7
colonies growing on the Test Cancer BioChip of the present
invention in the presence of mdividual siRNAs. Cells were
stained with MT'T after 15 days on the CBC-1. Live colonies
took up the dye and thus appeared dark and slightly larger due
to the formation of formazan crystals.

FIG. 7 1s a scatter plot showing the correlation of percent
change 1n average cell size from days 2 to 7 or 8 between two
different CBC-1 screens used according to the embodiments
of the present mnvention. The Pearson correlation coetficient
between two screens=0.8, which indicates good reproducibil-
ity.

FIG. 8 shows inhibitors of MCF7/ cell growth identified on
the CBC-1. (A) shows change in average MCF'/ cell size from
days 2 to 7 or 8 normalized to control (n=6-11). (B) shows
relative change 1n MCFEF7 colonies between days 2 to 7 or 8
normalized to control (n=6-11). Labeled siRNAs are signifi-
cantly different from control imn A and B (p<t0.05). Dashed
lines represent two standard deviations away from the control
mean.

FIG. 9 provides (A) representative 1mages showing the
suppression of MCFEF7 colony formation over time 1n the pres-
ence of PIK3CA, ESR1, and ACTB siRNA. Live colonies
stained 1n the MTT 1mages (stained on day 14) appear dark
and slightly larger due to the formation of formazan crystals.
Each well 1s 3 mm 1n diameter; and (B) growth curves which
show the change 1n total area vs. time for PIK3CA, ESR1, and
ACTB siRNA and illustrate significant suppression caused by
these siRNAs.

FIG. 10 shows 1nhibitors of SK-BR-3 cell growth 1denti-
fied on the CBC-1. (A) shows change 1n average SK-BR-3
cell size from days 2 to 10 normalized to control (n=3-3). (B)
shows relative change 1n SK-BR-3 colonies between days 2 to
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10 normalized to control (n=3-5). Labeled siRNAs are sig-
nificantly different from control 1n A and B (p<<0.05). Dashed
lines represent two standard deviations away from the control
mean.

FIG. 11 provides representative images showing the sup-
pression of SK-BR-3 cell growth over time caused by ACTB
siIRNA. Live colonies were stained with MTT on day 13.

FIG. 12 shows results from GSEA analysis using ML, LP,
MaSC or Stromal cell signatures on patient tissue samples
according to the embodiments of the present invention.

FIG. 13 shows percent colonies formed from two lumi-

nal-A patients, with one patient showing no response to
PIK3CA siRNA (top) and the other patient showing an
increase in colony formation (bottom).

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides personalized systems and
methods for the identification and targeting of specific genes
that affect cancer cell growth to optimize cancer diagnosis
and therapy 1n a specific patient.

The present invention includes the CBCS as a personalized
cancer diagnostic and therapeutic tool to classily tumors
according to their functional genomic profile and to identity
genes that are required for anchorage-independent tumor cell
growth. The CBCS as a diagnostic tool in accordance with the
present invention provides individualized, cell-based 1n vitro
cancer diagnostic testing and selection of patient-specific
optimal therapies. As a result, histological evaluation of
tumor grade can be replaced by assays for tumor gene expres-
s1on profiles, 1.e., detection and 1dentification of cancer-initi-
ating genes, which genes then can be targeted for individual-
1zed therapy.

The CBCS of the present invention 1s described in U.S. Pat.
Nos. 7,537,913 and 8,110,375, and U.S. patent application
Ser. No. 13/292,221, which are incorporated herein by refer-
ence. U.S. Pat. No. 7,537,913 describes a kit for assaying
cells, and U.S. Pat. No. 8,110,375 describes a method for
identifying cancer causing genes using the CBCS.

The CBCS 1n accordance with the present invention can be
used for real-time examination of cancer cell growth. For
example, colony growth of cancer cells may be monitored up
to one month during which time data are regularly collected.
In cases of extremely aggressive cancer, significant growth
can occur in as little as one day. The time needed for obtaining
climically relevant results from the diagnostic tool may range
from about 7 to 21 days. This time period provides sufficient
time to obtain highly definitive results.

The technological innovation provided by the CBCS
includes high-throughput screening for inhibitors of anchor-
age-independent cancer cell growth through a fast one-step
transfection approach of active agents with live monitoring,
and quantification of colony cell growth. By mimaturizing the
assay conditions, the need for large quantities of tumor cells
and reagents are eliminated, thereby significantly lowering

the cost.

In an embodiment, the present invention includes silencing
RNA (siRNA)-based cancer target 1identification and valida-
tion, cell-based 1n vitro diagnostics, and personalized thera-
peutics. The assay system of the present invention allows this
functionality data to be obtained more quickly than 1n other
approaches and with a higher level of predictability of 1n vivo
results. In accordance with this embodiment, a high-density
CBCS may be used for large-scale cancer target identification
and validation. This 1s achieved by testing primary patient

10

15

20

25

30

35

40

45

50

55

60

65

6

samples on the CBCS, and then classifying tumors based on
their responsiveness to suppression of abnormally expressed

genes by siRNA.

The CBCS of the present invention includes a proprietary
biochip (referred to as a ““Test Cancer BioChip” or “Cancer
Bi1oChip”) and a matrix that inhibits attachment of cells to the
slide and supports anchorage-independent growth, which 1s
designed to interface with a variety of commercially available
microarray robots and imaging systems. In one embodiment,

as shown 1 FIG. 1, the Cancer BioChip contains siRNA
embedded 1n a 3D first matrix (1). Cancer cells from a patient
are mixed with a second 3D matrix and applied 1n or on top of
the first matrix (2). Transformed tumor cells selectively grow
in an anchorage-independent fashion, forming colonies that
incorporate the underlying siRNA (3). The effectiveness of
specific siRNAs to inhibit colony growth then 1s assayed
using custom microscopic imaging equipment (4). Computer
soltware 1s used to interface with existing imaging and 1mage
analysis systems (5). The end result 1s the determination and
identification 1n a specific patient of the following: gene tunc-
tion, siRNA-based diagnosis, therapeutic target identifica-
tion, therapeutic target validation, and personalized therapy
(6).

The CBCS of the present invention allows for determina-
tion of the role of abnormal genes and/or abnormally
expressed genes 1n cancer cell growth of a specific patient.
Genes detected and 1dentified that are essential for anchor-
age-independent cancer cell growth 1n a specific patient 1n
accordance with the present invention will be deemed poten-
tial therapeutic targets for the patient. Although many genes
are expressed abnormally 1n cancer cells, only a few are
involved 1n the initiation and maintenance of the abnormal
cell growth associated with cancer. Thus, using the CBCS,
individualized silencing of tumor genes provides a more
refined level of tumor classification and information about
potential siRNA and non-siRNA-based therapeutics.

The CBCS can be used for any type of cancer. In one
embodiment, primary breast cancer cells are grown on a
first-generation Cancer BioChip (referred to as “CBC-17)
consisting of 50 wells, with each well containing a base layer
of agar, a middle layer of siRNA 1n agar, and a top layer of
cells 1n agar. These cells incorporate underlying siRNA at
high efficiency and show siRNA-mediated suppression of
target genes. Because growth conditions vary between difier-
ent cells, the CBCS 1n accordance with the present invention
has been developed to optimize plating, transiection, silenc-
ing and cytostatic efliciencies, and the CBC-1 may be used to
optimize conditions prior to application of patient cells on the
high-throughput CBCS. The CBCS also enables the develop-
ment and provision of a target-validation screening service.

Currently, patients with cancer, such as breast cancer, are
diagnosed based on the expression of a very limited number
of genes. Novel gene expression-based prognostic tests, such
as the Oncotype Dx or MammaPrint assays rely only on 21 or
70 genes, respectively. However, basic studies of gene expres-
sion signatures have revealed that breast cancer 1s a much
more heterogeneous disease, which explains the variability in
clinical outcome from seemingly identical patients. Cur-
rently, published research in molecular classification of breast
cancer has identified 476 genes which segregate breast cancer
patients 1nto five subtypes: Luminal-A, Luminal B, Basal-
like, Normal-like and Her-2. Other gene signatures also have
identified: claudin-low, apocrine and interferon subtypes.
The CBCS 1n accordance with the present invention allows
for the 1dentification of which of the abnormally expressed
tumor genes are responsible for anchorage-independent
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tumor growth. It 1s envisioned that the entire human genome
may be included on the CBCS.

A particular advantage of the CBCS of the present inven-
tion 1s 1ts specificity, which distinguishes 1t from Oncotype
Dx or MammaPrint assays. Currently, patients with “high
recurrence scores” on these assays have very little recourse
since 1t 1s not possible to determine which of the 21 or 70
genes need to be targeted for therapy. By identifying the
specific genes that drive tumor growth 1n a patient, the CBCS
1s able to guide the clinician to select the appropriate drug
from those currently available.

Although studying the expression pattern of cancer “sig-
nature” genes could be assumed to improve accuracy of clas-
s1iiying and staging of cancer patients, as well as determining
the choice of existing chemotherapies, data are not yet avail-
able on which genes need to be targeted for treatment. Tar-
geting a small number of genes may not be suilicient to
climinate all malignant cells, especially since these gene lists
show very little overlap, and the targeting of some genes may
have detrimental effects on healthy cells. Thus, using the
CBCS 1n accordance with the present invention enables cli-
nicians in an in vitro setting to understand the role of these
genes 1n tumor itiation and progression and to then develop
eificient and targeted therapies for cancer, such as, but not
limited to, breast cancer.

Functional screening of candidate drug targets requires the
development of gene-specific reporter systems and inhibitors.
Double stranded RINA (dsRINA) can cause post-transcrip-
tional gene silencing via RNA interference (RNA1) 1n most
cukaryotic cells and, therefore, this 1s a desired approach for
inhibiting gene expression. Silencing RNA includes dsRNA
that 1s homologous to the gene of mterest and inhibits post-
transcriptional gene expression. When first introduced 1nto
the cell, 1t interacts with PIWI-family proteins to form the
RNA-induced silencing complex (RISC), which recognizes
and then degrades homologous mRNA.

The synthesis of siRNA can be accomplished chemically,
by enzymatic digestion, or via RNA polymerase-mediated
synthesis. Chemically synthesized siRNA can be further
modified to achieve high delivery into target cells. Accell
s1IRNNA, commercially available from ThermoFisher Dharma-
con, 1s a backbone modified siRNA, for efficient uptake by
cells without the need for a transfection reagent. Stable
expression of siRNA, however, requires use of expression
cassettes for short hairpin RNA (shRNA) cloned in plasmad,
retroviral, or lentiviral expression vectors. Short hairpin RNA
libraries targeting a large number of human genes are now
commercially available. Silencing RNAs have been shown to
regulate critical developmental pathways during normal
embryogenesis and have great therapeutic potential for the
synthesis of gene-specific inhibitors for any candidate gene
based on sequence. As a result, 1t 1s now possible to perform
genome-scale gene silencing experiments for functional
genomics and drug discovery. In a preferred embodiment, the
CBCS of the present invention utilizes the above-described
available siRINA libraries to provide a high-throughput, scal-
able siRINA platiorm as a tool for personalized cancer patient
diagnosis and prognosis.

Preclinical studies have shown success of siRNA-based
approaches for suppression of tumor growth 1n animal mod-
¢ls. For cancer therapy, this approach 1s able to 1dentify criti-
cal subsets of gene targets, since targeting one gene at a time
may not be suilicient. The identification of legitimate targets
for treatment ol cancer requires the development of high-
throughput cell-based s1IRINA screening assays. Several stud-
ies have been reported using genome-wide loss-of-function
screens for the 1dentification and validation of cancer drug
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targets. These studies have used either Transfected Cell
Microarrays (1TCM) or pooled shRNA libraries for the 1den-
tification of shRNAs capable of altering function 1n cancer
cell lines. Various transfection agents have been tested on
cell-based microarrays. However, high-efficiency transiec-
tion ol siRNA expressing vectors with long-term gene sup-
pression in a broad range of cell types remains limited to viral
delivery systems. Recently, lentivirus-infected cell microar-
rays (LICM) have been developed and may be used to obtain
siIRNNA expression 1 immortalized and primary cells. This
approach requires high-titer virus, whereby precautions are
necessary in terms of biological safety.

While these studies support the feasibility ol high-through-
put gene silencing and the mfluence of gene expression on

various parameters of cell function, none of these studies
evaluates the functional impact of siRNA on cancer cell
growth 1n a setting that would directly translate to the 1n vivo
milieu. These assays have been developed to treat only
attached cancer cell lines which have altered properties and
biological responses that may not mimic 1n vivo cancer cell
biology. Cells behave differently when grown in a three-

dimensional matrix compared to flat, two-dimensional sur-
faces. Furthermore, cancer cells grown under these condi-
tions tend to migrate, which limits the throughput capability
ol this assay, since individual siRNAs are spotted at distances
that would keep neighboring cells apart. Another limitation 1s
that 1t 1s not possible to study patient tumor cells with these

assays since they allow both normal and tumor cell growth.
Because cellular sensitivity to treatment 1s mfluenced by 1n
vitro growth conditions, none of these assays can be used as a
stand-alone cancer drug screening assay. Thus, it 1s important
to perform these studies 1 an in vitro three-dimensional
setting that could translate to the clinic.

Anchorage-independent growth assays also are known as
soit agar, clonogenicity, human tumor colony-forming, or
human tumor stem cell assay (HTSC). Anchorage-indepen-
dent growth usually 1s quantified using semi-solid media,
such as agar. Soit agar assays typically are the most stringent
assays for cancer drug screening, since they allow trans-
formed cells, but not normal cells, to grow 1n vitro. These
transiformed cells exhibit stem cell-like properties, grow in
suspension, and exhibit mimmal contact-triggered growth

inhibition.

There 1s a clear correlation between in vitro results
obtained using an HTSC assay and the clinical responses of
myeloma and ovarian cancer patients to a variety of chemo-
therapeutic agents. Larger-scale testing has revealed that
clinically effective chemotherapeutic agents also are active 1n
the HTSC assay with the exception of those requiring sys-
temic activation. Clinically ineffective agents have been con-
firmed to be true negatives with 97% accuracy. “Clonogenic”
assays are used as secondary screens for cancer patients. The
commercially available Oncotech Extreme Drug Resistance
(EDR) assay, which predicts the failure of chemotherapy

prior to patient treatment, 1s one representative example of a
clonogenic assay.

Table 1 shows the features of the CBCS as compared to
other technologies, such as DNA microarrays/gene chips,
transiected cell microarrays and regular anchorage-indepen-
dent growth assays.
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Comparison between CBCS and Other Technologies

Highly Test Real-time
predictive s1iRNA for monitoring Minimizes Labor and

High-  Functional of 1 vivo entire of colony Tests for use of time
Method throughput Data Automated results gEeNOME orowth resistance  reagents savings
CBCS Yes Yes Yes Yes Yes Yes Yes Yes Yes
DNA Yes No Yes No No N/A No Yes Yes
microarrays/gene
chips
Transfected cell Some Yes Yes No Some Some No No Yes
MICIOAITays
Anchorage- No Yes No Yes No No No No No
independent

growth assays

As Table 1 shows, the extraordinary advantage of the
CBCS of the present invention compared to these other tech-
nologies 1s that 1t demonstrates all of the following properties:
high-throughput, automated, highly predictive of m vivo
results, tests sIRNA for the entire genome, allows for real-
time monitoring of cancer cell growth, tests for resistance,
mimmizes use ol reagents and cells, and 1s labor and time
saving.

EXAMPLES

The present invention 1s more particularly described 1n the
following non-limiting examples, which are intended to be
illustrative only, as numerous modifications and variations
therein will be apparent to those skilled 1n the art.

Example 1

CBCS Validation Studies for Patient-Specific
Functional Genomic Profiling

This investigation was undertaken to provide validation of
a lirst-generation CBCS, referred to as CBC-1, capable of
simultaneous quantitative real-time assessment of the effect
of 50 different siRNA mixtures on anchorage-independent
tumor cell growth. Matrices employed in the CBC-1 con-

sisted of soft agar. Cells plated on the CBC-1 incorporate the
underlying siRNA and form colonies that can be examined
and quantified over a long period of time. The CBC-1 there-
fore can be used to optimize basic functions of the CBCS
prior to scaling tip to a high-throughput full genome screen.
These include plating, transfection, silencing, and cytostatic
eificiencies. This investigation reports on each of these
parameters for the validation of the CBC-1 as a stand-alone in
vitro test for identification of inhibitors of patient-specific
breast cancer cell growth 1n a clinically relevant setting.
Materials and Methods
Silencing RNA

Accell ESR1 siRNA (ThermoFisher Dharmacon, LaFay-
ctte, Colo.) or Mission TRC shRNA expressing lentiviral
vectors (Sigma, Saint Louis, Mo.) were used. Accell siRNA
controls included Accell Non-targeting and Accell Green
Non-targeting siRNA. The Mission TRC shRNA expressing,
lentiviral vectors were: Mission pLKO.1-puro Control Trans-
duction Particles, Mission TurboGFP Control Transduction
Particles, and Mission eGFP shRNA Control Transduction
Particles. Lentiviral vectors at a titre of 10° particles/ml, pro-
viding 5000 particles per well, were mixed with Protamine
Sulfate (6 ug/ml) and agar prior to application on the CBC-1.
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Preparation of the CBC-1
A CBC-1 (Falcon Genomics, Inc., Pittsburgh, Pa.) that

consisted of CultureWell chambered coverslips (Grace Bio-
labs, Inc., Bend, Oreg.), with each spot being about 3 mm 1n
diameter and about 1 mm deep was used. After application of
a base agar layer 1n each well, siRNA mixed with agar was
applied, followed by cancer cells mixed with top agar. The
CBC-1 was incubated in a CO, incubator at 37° C. overnight,
covered with complete growth medium on the following day,
and fed twice a week thereafter. Colony formation was moni-
tored using an mnverted microscope at different time intervals
up to 20 to 29 days. At the end of the incubation period, cell
viability was determined using MTT (3-(4,5-dimethylthi-
azol-2-y1)-2,5-diphenyltetrazolium bromide) stain.
Patient Cell Culture

Primary breast cancer cells from patients diagnosed with
invasive breast cancer were procured from a commercial sup-
plier (Celprogen, San Pedro, CA) or prepared in-house from
fresh patient tumor tissue collected by the Cooperative

Human Tissue Network (CHTN) funded by the National Can-

cer Institute, NIH. All patient tissues were procured by CHTN
according to current regulations and guidance for repositories
from the Office of Human Research Protections (OHRP,
DHHS). Patient tumor samples were shipped from CHTN
aiffihated institutions 1n RPMI-1640 containing antibioftics,
10% Fetal Calf

Serum, and 2.5 ng/ml Fungizone and maintained cold dur-
ing shipment. Upon arrival, tissue was immediately pro-
cessed for preparation of tumor cells. Collagenase types 3 and
1 (246 units/ml for 3-4hours) (Worthington, Lakewood, NJT)
were used sequentially to digest the tissue and to 1solate the
cells. This was followed by filtration through 40 um Nylon
cell strainers. The cells then were cultured 1n flasks coated
with Geltrex (Invitrogen) in the presence of HUMEC medium
(Invitrogen).
Cell Lines

Breast cancer cell lines, including MDA-MB-231, M4 A4,
MCF7, SKBR3, and immortalized fibroblast cells NIH-3T3
were obtained from the American Type Culture Collection
(ATCC, Manassas, Va.). All cells were cultured according to
ATCC guidelines in DMEM medium (Hyclone Laboratories,
South Logan, Utah) for MCF7, NIH-3T3 and M4 A4 cells,
RPMI (Sigma) for SKBR3 cells, and Leibovitz’s L-15
Medium (Sigma) for MDA-MB-231 cells, containing 10%
Fetal Bovine Serum, 1% Antibiotics-Antimycotics (Invitro-
gen, Carlsbad, Calif.; Catalogue No. 15240-062) at 37° C. 1n
the presence of 5% CO,. Cells were passaged using Trypsin-
EDTA (0.05%; Hyclone) when they reached 70-80% contlu-

ency 1n culture.
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Imaging and Image Analysis

Individual wells were imaged on an inverted Motic AE31
microscope using high-resolution cooled CCD cameras;
CoolSnap K4 (Photometrics, Inc.), or QiCam (Qimaging®).
Several images were acquired along the z-axis and were pro-

cessed to create z-stacks, which were subsequently merged
using ImagelJ (NIH).

Image analysis was performed using custom-designed
image analysis macros in Imagel. These macros measure
number of cells/colonies, their average size, and the total area
occupied by cells for each condition in an automated fashion.
Change 1n average size from day 2 to later days 1s calculated
and expressed as percent of controls. Relative change 1n
colony number also was calculated by subtracting the number
of colonies between day 2 and later time points, normalized to
total cell counts at day 2, and expressed as a percent of
controls. Growth curves were obtained by plotting the total
area at different time points. Plating efficiency was deter-
mined by calculating the number of live colonies as a percent
of total measured cells at day 2. Determination of both trans-
fection and silencing efliciencies requires measurement of
the presence or absence of a fluorescence signal in each cell or
colony. Because cells grow 1n a three-dimensional matrix on
the CBC-1, imaging of each cell and identification of its level
of fluorescence signal requires acquisition of z-stacks 1n both
bright field and fluorescence, respectively. For fluorescent
signal analysis, Z-stacks first were merged using maximum
intensity for the fluorescence 1images and minimum intensity
tor the bright field images. Background signal was subtracted
from the merged fluorescence i1mages. Particles ranging
between 300 and 10,000 um” were identified as Regions of
Interest (ROI) 1 the merged bright field images. ROIs then
were overlaid on the merged fluorescence image followed by
measurement of the fluorescence intensity.

To determine transiection efficiency, background intensity
of the fluorescence signal was calculated by averaging the
maximum signal per colony from all colonies observed in the
control wells (n=5 wells per experiment). Cells that expressed
a signal intensity equivalent to the average background signal
plus two times 1its standard deviation (average background
signal +2%*SD) were considered to be transfected by either
Accell Green or Mission TurboGFP. Percent transfection etfi-
ciency was determined by dividing the number of transtected
colonmies by total number of cells observed in each well and
multiplying by one hundred.

For silencing efficiency, the average integrated fluorescent
signal density for all M4A4 colonies was measured 1n the
presence or absence of Accell EGEFP siRNA or Mission TRC
EGFP shRNA. Data was expressed as percent EGFP signal
relative to control.

Statistical Analysis

For plating efficiency experiments, a linear regression
analysis was performed to determine the percent colonies
formed at different starting concentrations of cells on the
CBC-1. The slope of the linear regression determined plating
eificiency. ANOVA followed by Student’s t-test were used to
compare between different experimental conditions.

Results
Anchorage-independent Growth of Breast Cancer Patient
Cells and Cell Lines on the CBC-1 (Plating Elliciency)

High-throughput anchorage-independent growth testing 1s
a unique property of the CBCS. Using the CBC-1, colony
growth 1n agar of transformed breast cancer cell hnes (MDA -
MB-231, M4A4, MCF7, and SKBR3) and immortalized
NIH- 3T3 ﬁbroblast cells was determined. Colony formation
in all cells, but not 1n non-transtormed NIH-3T3 cells, was
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observed. Plating elliciencies, as determined by percent of
cells that formed live colonies, were between 20-39% for all
of these cell lines.

Analysis of colony formation on the CBC-1 for primary
breast cancer cells from patients gave a wide range of results.
Because these cells consisted of a mixture of all cell types
obtained from a tumor, the percent of transformed tumor cells
varied among patients. In addition, the growth rate of cells
obtained from difierent patients was ditferent. FIG. 2A shows
examples of colonies that formed from 5 different breast
cancer patients, and corresponding plating eificiencies.

For each patient, a plating efficiency experiment needs to
be performed to 1dentify the optimal starting cell number for
cach CBC-1. The number of colonies formed needs to be
directly related to the starting cell counts. For these experi-
ments, the plating efficiency was determined by measuring
the percentage of colonies formed, after seeding 100, 300,
500, 700, and 1000 cells per well on the CBC-1 (n=3). FIGS.
2B and 2C show results from one representative experiment
using primary breast cancer cells. FIG. 2B shows representa-
tive merged z-stack images from individual wells. Analysis of
cell and colony size showed that the average cell areaatday 1
was estimated to be 203+12 um* and average colony size on
day 9 was 1504+40 um~. For this patient, we have observed a
linear correlation between starting cell numbers and numbers
of formed colonies at day 9 (FIG. 2C) with an average plating
eificiency of 51.6x2.5%. Thus, a starting cell number of 700
cells per well could be used for further testing on the CBC-1,
whereby the assay would be 1n the linear range. These results
show that the CBC-1 can be used to determine the plating
eificiency of primary patient cells prior to functional genomic
testing on a higher throughput CBCS.

Silencing RNA Transiection on the CBC-1 Using a Propri-
ctary One-Step Method

The CBCS 1s imtended to achieve efficient delivery of
silencing RNA 1nto primary cancer cells. Because difierent
cells have different transtection efficiencies, it 1s essential to
determine the method of choice for transtection for every cell
type to be tested on the CBCS. This can be quickly achieved
using the CBC-1. Silencing RNA can be delivered ito cells
cultured on the CBC-1 using different types of transfection
reagents. Lentiviral-vector mediated delivery was tested
using control vectors from the Mission TRC (Sigma) and
Accell siRNA delivery methods (Dharmacon). The Accell
siIRNNA method 1s unique, since 1t uses a proprietary siRNA
backbone modification to drive uptake of the siRNA into the
cells. As a result, there 1s no need for a separate delivery
reagent. Another advantage of using Accell siRNA for use in
the CBCS 1s that 1t does not require specialized equipment
usually needed for sate manipulation of lentiviruses (Biologi-
cal Satety Level 2+).

To determine transiection efficiency on the CBC-1 using
either transfection method, the following positive controls
were employed: the Mission TRC control vector, a lentiviral

vector expressing the gene for Turbo Green Fluorescence
Protein (TurboGFP), and the Accell Green siRNA control, a

FAM-labeled Accell non-targeting siRNA. The impact of
several variables was tested on expression of the Mission
TRC TurboGFP control into primary patient cells and the
MDA-MB231 breast cancer cell line. The TurboGFEP signal in
these cells was found to be very weak usmg Mission TRC
TurboGFP. In both MDA MB-231 and primary breast cancer
cells, the transfection efficiency on the CBC-1 using the Mis-
sion TRC TurboGFP vector ranged between 8% and 20%
(data not shown).

In contrast, control Accell Green non-targeting RNAs gave
a very strong signal 1n most primary breast cancer cells tested




US 9,102,984 B2

13

on the CBC-1. FIG. 3 shows representative photomicro-
graphs of primary breast cancer cells growing on the CBC-1

in the presence of increasing doses of Accell Green (2.5 uM,
S uM, and 10 uM). As shown 1n Table 2, while up to 65%
transfection eificiency could be obtained at 2.5 uM Accell
Green (65+8%), the highest transfection efliciency was
observed at 5 uM (96x£2%). No further increase 1n percent-
transiected cells could be observed with the higher concen-
trations, and expression could be maintained at a lower level
for up to 21 days. At day 21, colonies remained viable as

TABL.

(L.

2

Percent Transfection Efliciency of Accell
Green into Primary Breast Cancer Cells
at 5. 12, and 21 davs post-transiection

Accell Green Day 3 Day 12 Day 21
0.0 uM 8+ 2 13 £5 5+£3
2.5 uM 65 + &¢ 50127 34 + 3¢
5.0 uM 96 + 29-Y 904 + 2%° 66 + 7%

10.0 uM 82 = 147 72 £ 174 55 = 14°

“p < 0.05 relative to 0.0 uM;
‘bp < (.05 relative to 2.5 uM, using Student’s t-test.

determined by MTT stain (data not shown). However, the
signal was not transmitted to all daughter cells 1n the colonies.
Further testing of primary patient breast cancer cells (n=14)
with Accell Green (10 uM) gave transiection eificiencies
ranging between 55-95% at day 2 (data not shown). In sum-
mary, elevated siRNNA expression was observed in primary
breast cancer cells and cell lines on the CBC-1 using the
Accell delivery method, while Mission TRC TurboGFP
expression was much weaker.
Silencing Filiciency of EGFP siRNA 1 M4A4 EGFP-ex-
pressing Cells Growing on the CBC-1

Successiul transfection does not necessarily imply suc-
cessiul suppression of the gene of interest. The following
experiments were performed to determine whether inhibition
of gene expression on the CBC-1 could be achieved. Whether
EGFP siRINA can suppress EGEFP protein expression in breast
cancer cell lines that have been engineered to express EGEP
(M4 A4 cells, ATCC) previously has been tested. Although
high transfection efficiencies with the Mission TRC Tur-
boGFP particles on the CBC-1 were not observed, gene
silencing with both lentiviral transtection of shRNA for eGEFP
(Mission TRC control, Sigma; data not shown) and the Accell
EGFP shRNA pool (ThermoFisher Dharmacon) was
observed. FIG. 4 shows silencing of EGFP 1n M4A4 cells
grown on the CBC-1 and transiected with increasing concen-
trations of Accell EGFP siRNA (2.5 uM, 5 uM, and 10 uM).
Signal intensity for each colony was assessed by measuring
average mntegrated density for all colonies. While maximal

suppression of EGEFP signal was 64% at day 8 with the Accell
EGFP siRNA, 1t reached 93% with the Mission TRC EGFP

shRNA at day 14 (data not shown).

These results prove that silencing of gene expression can
be obtained even with low levels of lentiviral shRINA trans-
fection efficiency. The most important deliverable 1n this
CBC-1 assay 1s silencing of gene expression, which 1is
obtained with either lentiviral vectors or Accell siRNA.
Suppression of MCF7 Colony Formation with Estrogen

Receptor a (ESR1) siRNA on CBC-1
The ultimate validation for the CBCS 1s the inhibition of

cancer cell growth by siRNA knockdown of tumor genes. For

these studies, we determined MCF7 breast cancer cell line
growth response to ESR1 Accell siRNA onthe CBC-1. MCF7
cells have been very well characterized and are known for
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their dependence on the estrogen receptor. For these experti-
ments, four different Accell siRNAs (10 uM) targeting ditier-
ent sequences 1 the ESR1 gene were tested on the CBC-1
either individually (ESR1-1, ESR1-2, ESR1-3, ESR1-4) or
together 1 a pool (ESR1 pool). In addition, each CBC-1
included the following controls: no cells, no siRNA, and
Accell non-targeting siRNA (10 uM). FIG. 5A shows repre-
sentative merged z-stack images from MCFEF7 cells after 7
days of culture on the CBC-1 1n the presence of each of the
above-described conditions. The number of colonies (size
greater than 1,500 um?) as well as the average size of all cells
was measured at different time points 1n culture. Measure-
ment of relative change 1n colony numbers and change in
average cell size from days 2 to 7 showed that ESR1-2,
ESR1-3, ESR1-4 and ESR1 pools suppressed colony forma-
tion on the CBC-1 (FIGS. 5B and 5C), while ESR1-1 was
ineffective. While untransfected cells (no siRNA) and cells
transiected with non-targeting siRNA showed increase in
number of colonies and average cell size over time, those
transiected with ESR1 Accell siRNAs were suppressed
except for ESR1-1. The highest level of colony suppression
was obtained with either ESR1-4 or ESR1 pools. These
results show that suppression of breast cancer colony growth
on the CBC-1 can be achieved using siRNAs for genes known
to be mvolved 1n breast cancer.

Discussion

The CBCS 1s a functional genomic assay which identifies
inhibitors of anchorage-independent 3D cell growth. The
studies presented herein show the ellicacy of a first-genera-
tion Cancer BioChip, CBC-1, for mitial determination of
plating, transiection, silencing and cytotoxic etliciencies for
every cell type prior to high-throughput screening. Primary
patient cells can be grown on the CBC-1 with varying plating
eiliciencies. A linear correlation was observed between the
number of cells seeded on the CBC-1 and the number of
colonies formed. Two siRNA delivery methods were com-
pared on the CBC-1 and higher transfection efliciency into
primary patient cells using Accell siRNA as compared to
lentiviral-vector mediated delivery was found. However, both
siRNA delivery methods led to suppression of target gene
expression. Also demonstrated was the effectiveness of dii-
ferent ESR1 siRNAs individually and as a pool for inhibiting
MCEF7 colony growth at different time points and 1n real-time.
These studies validate the utility of the CBC-1 at identifying
inhibitors of primary patient tumor cells that can grow 1n an
anchorage-independent fashion. MCF7 cells are thought to
be tumor-initiating cells and thus are envisioned as one cell
type that may be targeted for therapy in accordance with the
present mvention. The data presented herein provide evi-
dence of the CBCS translatability into a clinical setting for
cancer target identification and personalized formulation of
therapy.

While previously reported TCM s1iRNA screening methods
have been used for the 1dentification of genes essential for
viability and proliferation of breast cancer cells, these assays
utilize cell lines growing on flat surfaces. For these assays,
attachment of the cells 1s essential for the mcorporation of
underlying siRINA. Thus, targets obtained from these studies
were most often imdividually validated using anchorage-in-
dependent growth assays. In some instances, cells responded
differently upon validation, which further emphasizes the
need for siRNA screeming of cells growing 1n an anchorage-
independent, 3D fashion.

There have been previous attempts at developing high-
throughput anchorage-independent growth assays. Some
involved using 96-well plates, with decreased assay time
from 21 to 28 days to 1 week, and cell numbers from 20,000
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cells/dish to 1,000-2,000 cells/well (Ke, N. et al. Biotech-
niques 36, 826-828, 830, 832-823, 2004). The use of Alamar

blue for colony readout also allowed for automated colony
counting using the CytoFluor® Series 4000 Multi-Well Plate
Reader. However, the need for a separate cell transiection step
prior to plating cells in agar increased assay time and resulted
in further cell loss. In addition, the use of Alamar blue for cell
staining limits the ability to obtain a real-time chemosensi-
tivity response, and does not allow for the identification of
drugs that might lead to resistance. The 96-well format sup-
ports the testing of a larger number of 1inhibitors than previ-
ously possible, but 1s still unable to provide eflicient real-time
s1IRNA screening 1n 3D.

Other large-scale siRNA screens in 3D employed the
pooled shRNA library drop-out approach (Westbrook, T. F. et
al. Cell 121, 837-848, 2005; Kolfschoten, I. G. etal. Cell 121,
849-838, 2005). For these assays, primary cells are virally
transduced with shRNA libraries and then cultured 1n 3D to
identily inhibitors of cellular transformation. While these
assays 1dentified potential tumor suppressor genes, they could
not be employed as an 1n vitro diagnostic test for identifica-
tion of patient-specific therapies. For these assays, every cell
has to be transduced with at least one viral replicon; cells that
do not grow 1n these assays are correlated with shRINA lethal-
ity. Because the cells are transduced with shRINA prior to
plating, this approach will not work for screening of inhibi-
tors of primary patient cells, which do not grow at 100%
plating etficiency. Cell death under these conditions could be
attributed to erther low plating efficiency or shRNA lethality.
Because the approach presented herein employs a transiec-
tion method that occurs 1n cells growing in an anchorage-
independent environment, lack of growth under these condi-
tions 1s solely attributed to siRNA transiection. Therefore, it
1s essential to have on-agar transiection/transduction of
siIRNA/shRNA 1n order to perform functional genomic
screens for inhibitors of anchorage-independent cell growth.

These studies demonstrate that the CBCS 1s a superior
technology compared to other technologies for screening
s1IRNNA capable of inhibiting anchorage-independent, 3D pri-
mary patient tumor cell growth. These studies validate a first-
generation CBCS which can be used for determination of
plating efliciency of patient-specific cells, used as a siRNA
transiection method for high siRNA incorporation, and used
to optimize silencing eificiency of target genes as well as
cytostatic efficiency. Demonstrated herein 1s the ability of the
CBCS to grow patient tumor cells which incorporate under-
lying siRNA at high efficiency. Also demonstrated herein 1s
the high specificity and efficiency of siRNA suppression of
target genes and inhibition of tumor cell growth with the
CBCS. Thus, the CBCS provides a powertul tool for func-
tional genomic profiling of primary patient cells as well as for
identification of targeted and eflicacious patient-specific
treatment modalities.

Example 2

Development and Use of CBCS Test Cancer
Bi1oChip for Cell-Specific Functional Genomic
Profiling

This mvestigation demonstrates the use of the CBCS as a
poweriul tool for functional genomic screening of inhibitors
ol anchorage-independent breast cancer cell growth. A first
generation CBCS (CBC-1) was used to develop a biochip
(““Iest Cancer BioChip”) contaiming siRNA for current drug-
gable breast cancer gene targets to show 1ts efficacy for the
identification of clinically relevant breast cancer targets.
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Materials and Methods
Cell Culture

MCEF7 and SK-BR-3 cells were obtained from American
Type Culture Collection (ATCC, Manassas, Va.). They were
passaged once to generate a tree and cryopreserved until use.
Following resuscitation, cells were passaged for less than six
months. Authentication of cell lines was performed by ATCC
using short tandem repeat profiling.

MCF7 cells were maintained in DMEM (Hyclone Labora-
tories, South Logan, Utah) supplemented with 10% Fetal
Bovine Serum (FBS, Sigma Aldrich, St. Louis, Mo.) and 1%
Antibiotic-Antimycotic (Invitrogen catalog number 15240-
062, Carlsbad, Calif.). SK-BR-3 cells were maintained 1n
RPMI (Sigma Aldrich) supplemented with 10% FBS and 1%
Antibiotic-Antimycotic. At approximately 70 to 80% contlu-
ency, cells were either passaged using 0.05% Trypsin-EDTA
(Hyclone Laboratories) or applied on the Test Cancer Bio-
Chip.
siIRNA

Pools of four sequences of siRNA (Accell siRNA, Dhar-
macon Laboratories, LaFayette, Colo.) targeting each gene
on the Test Cancer BioChip were prepared to give a final
concentration of 10 uM on the CBC-1. These include prolit-

eration genes (MKI67, AURKA, BIRCS5, CCNB1, MYBL?2),
estrogen related genes (ESR1, PGR, BCL2, SCUBE?2,
ESR2), HER2 genes (ERBB2, GRBY7), invasion genes
(CTSL2, MMP11, CD68, BAGI1, GSTM1), druggable gene
targets (IGF1IR, TNFRSF10A, TNFRSF10B, FNTB, BRAF,
MAPK1, PIK3CA, CS K, HSPCA, HDACI, DNMTI,
DMAP1), and negative controls (ACTB, GAPDH, RPLPO,
GUSB, TFRC, cyclophilin, non-targeting, no siRNA). We
also included control siRNA for measurement of transiection
elficiency (Accell Green). SIRNA concentrations were mea-
sured using a Biotek Epoch Spectrophotometer (Winooski,
V).
Transtection Elliciency

The ability of breast cancer cells to incorporate Accell
Green (Dharmacon), a fluorescent siRNA, on the CBC-1 was
used to assess transiection efficiency. High transfection effi-
ciency indicates that a large portion of the cells integrated the
siRNA, which 1s essential for an effective siRNA screening,
assay. Accell Green, at a concentration of 10 uM, was tested,
as well as a non-targeting control, which did not exhibit
fluorescence. Five replicates were performed for each screen.
A z-stack of images was taken of the same region of each well
in both bright field and fluorescence using a 10x microscope
objective. Images were acquired using a QICAM (QImag-
ing®, Surrey, BC) mounted on an mnverted Motic (Richmond,
BC)AE31 microscope using QCapture Pro Imaging Software
(QImaging®). Macros written in Image J (National Institutes
of Health, Bethesda, Md.) were used for analysis. Cells were
counted in each 1mage, and those cells that exhibited fluores-
cence 1ntensity greater than 2*SD over the non-targeting con-
trol mean were determined to have incorporated the Accell
Green. Transfection efficiency for each cell line was
expressed as a percentage of cells showing a fluorescent sig-
nal. Data are presented as mean transiection efficiency=SEM.
Cytotoxicity Screening on a Test Cancer BioChip

The Test Cancer BioChip was designed using the first-
generation CBCS (CBC-1). It evaluated the cytostatic effects
of the above-mentioned s1iRINAs in quintuplicate. The CBC-1
consisted of 50 well coverslips, allowing for the screening of
50 1individual compounds, and thus screening of all siRNAs
required use of four CBC-1 shides. Anchorage-independent
growth was obtained by using soit agar as a base matrix to
inhibit cellular attachment and as a top matrix for mixing with
cells and immobilization on top of the different siRINAs. After
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application of cells (500-700 cells/well), the CBC-1 was
incubated at 37° C. with 5% CO, for up to 15 days until
distinct colonies could be observed using an mverted micro-
scope. The CBC-1 was covered with cell-specific medium at
day 1 after application of the cells and fed twice a week
thereafter. Colony growth was quantified by 1maging indi-

vidual CBC-1 wells at a series of time points: 2,7 or 8, and 14
or 15 days post seeding on the CBC-1 for MCF7 cells, and 2,

10, and 15 days post-seeding for the SK-BR-3 cells. In order
to capture the 3D nature of cell growth, a series of 1mages
were taken along the z-axis for each well at each time point
using a 4x microscope objective. After 14 or 15 days on the

CBC-1, cells were stained for viability using MTT (Invitro-
gen) dissolved 1n PBS.

Data Analysis

Macros written 1n Image J were employed for image analy-
s1s. A z-stack of minimum intensities was created for each
well at each time point. A mask was then produced using an
appropriate threshold and used to obtain cell count and cell
s1ze distribution. A number of parameters were assessed 1n
order to completely evaluate the effects of siRNA on cell
growth. These include total cell count and change 1n cell
count, which were measured to i1dentily siRNA that com-
pletely killed cells, and change 1n average cell size that was
calculated to determine siRINA causing retardation in growth.
Change 1n average cell size was calculated between day 2 and
cach of the other time points and expressed as percent of
controls on each CBC-1. Measured particles were considered
to be colonies if they were larger than average cell size at day
2 plus two standard deviations. Relative change in colony
number was calculated by subtracting the number of colonies
between day 2 and later time points, normalizing that number
to total cell counts at day 2, and expressing 1t as a percent of
controls. The main reason for measuring the change 1n cell
s1ze and numbers between day 2 and later time points was to
climinate the effect of cell clumps or overlapping cells in each
well atday 2. For MCFEF7 and SK-BR-3 cells, the colony count
by day 14 or 15 was determined to be inaccurate due to
colonmies becoming so large that they began to merge or over-
lap and was therefore not used for further analysis.

Doubling time was calculated to determine siRNAs which
alfected growth rate while cells were growing exponentially,
and growth curves were drawn to assess effects on growth rate
over time. Doubling time, td, was calculated using the equa-
tion:

- In(2) (1)

Id_ "
k

where k 1s a growth rate constant. This rate constant was
calculated by solving an exponential growth equation:

x(r):xﬂekr (2):

where X 1s the total area covered by cells, X, 1s the 1nitial area
covered by cells (day 2), and t 1s the elapsed time. This
equation was solved using day 7 or 8 data for MCF7 and day
10 for SK-BR-3 cells because by day 14 or 15 colonies began
to merge and overlap, and thus the area covered by cells was
no longer increasing exponentially. Doubling time was nor-
malized to controls on each individual slide. In order to deter-
mine the screening capability of the CBCS and thus validate
the assay, a screening window coetlicient, Z', was calculated
using the formula:
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38D, +3SD._ (3)

R

7 =1

SD+ 1s the standard deviation of the positive controls, SD—
1s the standard deviation of the negative controls, and R 1s the
dynamic range calculated as the absolute value of the differ-
ence between the means of the positive and negative controls.
ESR1 siRNA was chosen as a positive control for the MCFE7
screens, as 1t 1s known that suppressing ESR1 expression 1n
MCF7 cells inhibits growth and colony formation, and
ERBB2 was applied as a positive control for SK-BR-3 cells as
it 1s known to suppress their growth. Non-targeting siRNA
and no siRNA were used as negative controls. A screening
window coellicient 1n the range 0=7'=<0.5 indicates good
screening power of the assay.

Results
Plating and Transfection Efficiency of MCF7 and SK-BR-3
Cells on the Test Cancer BioChip

Growth of two very well characterized breast cancer cell
lines was tested: MCFE7 and SK-BR-3. Both cell lines express
most genes targeted on the Test Cancer BioChip at compa-
rable levels, with the exception of ESR1, PGR, SCUBE2,
CCNBI1, and IGF1R being higher in MCF7 cells, and GRB7
and ERBB2 being elevated in SK-BR-3 (data not shown).
Thus, this study determined whether silencing these genes
would result in cell-line specific suppression of growth on the
CBC-1.

First assessed was whether these cells would grow and
form colonies on the CBC-1 (plating efficiency) and incor-
porate siRNA (silencing eifficiency). Plating efficiency of
39%+1% for MCF7 cells and 25%=1% for SK-BR-3 cells
was observed. Transiection efficiency, which can be deter-
mined by measuring Accell Green tluorescence intensity lev-
els, was found to be 79%+4% for MCF7 cells and 83%+3%
for SK-BR-3 cells. These results show that both cell lines can
be grown on the CBC-1 and a high percentage of the cells
incorporate the underlying siRNA.

Reproducibility and Screening Power of the Test Cancer Bio-
Chip Using MCF7 Cells

The reproducibility of the Test Cancer BioChip was evalu-
ated by performing two separate screens testing the effects of
all targeted siRNAs on MCF7 growth. Images were obtained
starting at day 2 and once a week thereafter to monitor colony
growth 1n 3D. FIG. 6 shows representative merged z-stack
images obtained at day 15 after culture of MCFEF’/ cells on the
CBC-1. These cells were stained with MTT for viability.
Colonies appeared dark blue, but larger than their actual size,
since the blue formazan crystals tended to deposit around the
cells.

A number of parameters, including number of cells, aver-
age cell size, and the total area occupied by cells, were
assessed to evaluate the etfects of siRNA on cell growth on
the CBC-1 at different time points. Percentage of cells form-
ing colonies was also evaluated (plating etficiency), growth
curves were plotted, and doubling time was calculated. A
combination of these metrics was employed to quantily
clfects of each siRNA on cell growth and thus 1dentily poten-
tial gene targets for therapy.

For the Test Cancer BioChip, the controls used included
non-targeting, ACTB, GUSB, GAPDH, RPLPO, TFRC and
cyclophilin siRNA as well as no siRNA. Using ANOVA fol-
lowed by appropriate t-tests, 1t was determined that ACTB
had a significant effect on MCF7/ cell growth (FIG. 6), and
thus could not be used as a control 1n this assay. Other siR-
NAs, including GAPDH and TFRC, produced minor effects.
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Thus, these siRNAs were not used as controls 1n this study
and all data were normalized to no siRNA and non-targeting

siIRNA on each CBC-1.

A Pearson correlation coellicient between the two MCFE7
screens was calculated using each of the tested metrics
including change in average cell size from day 2 to 7 or 8
(r=0.8, FIG. 7), and change in percent colonies from day 2 to
7 or 8 (r=0.8, data not shown). Overall, strong correlation was
found between the screens.

The screening power of the CBC-1 using ESR1 siRNA as
a positive control for the suppression of MCF/ cell growth
was evaluated. It was found that ESR1 siRNA significantly

suppressed MCFE’7 growth and colony formation on the CBC-
1, reducing growth in average cell size to 36%=+4% and
40%=4% of control from day 2 to 7 or 8 (FIG. 8 A) and day 2
to 14 or 15 (data not shown), respectively. Reduction in num-
ber of MCF7 colonies formed between day 2 and 7 or 8, to
41%=x4% of control (FIG. 8B) was observed. As shown 1n
Table 3, there also was an increase 1 doubling time with
ESR1 s1iRNA, to 265%+38% of control. The screening win-
dow coeftlicient, 7', was calculated for several screens using
ESR1 siRNA as a positive control for MCF7 cells, and a
Z'-factor o1 0.3, indicating good screening power (0=7'<0.5),
could be obtained.

TABLE 3

Doubling Time of MCEF7 and SK-BR-3 cells In Presence of
different siRNAs on the CBC-1 (% of control).

Average doubling time (% of control)

10
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25

30

siRNA MCF7 SK-BR-3

ESR1 265 = 38 * 142 + 35

ACTB No fit 236 + 54 % 15
CTSIL.2 141 + 12 * 66 = 6 %

ENTB 144 + 8 * o4 + 11

PIK3CA No fit 182 + 34 *

CSK 164 + 29 * 108 + 13

DMAP1 206 + 47 * 70 + 6

SCUBE2 101 =6 144 = 18 *

ESR? 112 +7 150 + 15 * 40
ERBB2 121 + 20 No fit

* indicates siRNA causing a significant suppression (longer doubling time than control).
** indicates siIRNA stimulating growth (significantly shorter doubling time than control).

In some cases the data did not fit the exponential growth model, showing almost complete

SUpPPression.
Only siRNAs that had the most significant effects in this study are shown.

Identification of siRNA Capable of Inlibiting Anchorage-
Independent Growth of the Luminal MCF7 Breast Cancer
Cell Line on the Test Cancer BioChip

After validating the assay using appropriate controls, the
elfect of the tested siRNAs on MCF7/ colony formation was
examined (FIG. 6). The change 1n average cell size (F1G. 8A)
and relative change 1n colony number (FIG. 8B) were deter-
mined. Of the tested siRNAs, those targeting ESR1, PIK3CA,
or ACTB caused the largest suppression 1in colony number
and average size. Representative images and growth curves
showing the suppression of growth over time caused by these
s1IRNNAs compared to that of controls are shown 1n FIGS. 9A
and 9B. Colonies 1 the MTT-stained images appear larger

than their actual size due to the deposition of formazan crys-
tals around the cells. Growth curves (FI1G. 9B) for MCE7 cells

in presence of either ACTB or PIK3CA siRNA did not {it the
exponential model. While ESR1 siRNA was shown to
increase doubling time to more than 250% of control, dou-
bling time for PIK3CA and ACTB s1iRNA could not be mea-
sured (see Table 3). These siRNAs almost completely sup-
pressed growth to the point that the cells were no longer
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growing exponentially. These results show that ESRI,
PIK3CA and ACTB siRNA significantly suppress anchorage-

independent growth of MCF7/ cells.

Other siRNAs caused smaller but statistically significant

suppression of relative colony number and average size, with
increase i doubling time. Those include CTSL2, CSK, and
DMAPI1 siRNAs, which suppressed colony size and number
by more than two standard deviations from the control mean.
Other siRNAs caused smaller, but statistically significant
suppression in average size and relative colony number (FIG.
8), with small but statistically significant increase in doubling
time (Table 3). These results show that the Test Cancer Bio-
Chip can identity siRNAs that inhibit anchorage-independent
growth of MCF'7/ cells to different degrees.
Identification of siRNA Capable of Inhibiting Anchorage-
Independent Growth of the HER2 Positive SK-BR-3 Breast
Cancer Cell Line on the Test Cancer Biochip

The efficacy of these siRNAs to inhibit SK-BR-3 colony

formation and growth on the Test Cancer BioChip as well as
assessment of cell type-specific responses was determined.
The positive control for these cells, ERBB2 siRNA, caused a
decrease i SK-BR-3 colony number and size. It reduced
average cell size change from days 2 to 10 to 45%+9% of
control (FIG. 10A) and relative colony number change from
days 2 to 10 to 45%=x8% of control (FIG. 10B). While SK-
BR-3 cells transfected with either no siRNA or non-targeting
control grew exponentially on the CBC-1, SK-BR-3 cells
transtected with ERBB2 siRNA did not. Therelfore, doubling
time could not be calculated for these cells (Table 3).

Comparison of the results from the Test Cancer BioChip
using MCFEF7 and SK-BR-3 cells showed cell-specific effects
of several siRNAs. While ERBB2 siRNA suppressed SK-
BR-3 growth, it had no effecton MCF7 cells (F1G. 8, Table 3).
In addition, growth of SK-BR-3 cells was not affected by
ESR1 siRNA (FIG. 10, Table 3), showing a cell type-specific
response.

Immediate effects of siIRNA on SK-BR-3 growth on the
Test Cancer Biochip were observed at day 2 for ERBB2,
ESR2, CSK, CTSL2 and BRAF siRNAs. While ERBB2 and
ESR2 siRNAs suppressed cell counts at day 2, CT'SL2 siR-
NAs caused an increase (data not shown). These effects were
maintained at later time points. At day 2, BRAF siRNA also
caused an initial suppression and CSK siRNA caused an
initial increase. These effects, however, were not maintained.

At day 10, the strongest suppression of SK-BR-3 growth
on the Test Cancer BioChip was observed using siRINAs for
ACTB, PIK3CA and ERBB2 (FIGS. 10A and 10B). FIG. 11
shows representative images illustrating the suppression of
colony formation over time caused by ACTB siRNA. The
reduction 1n colony growth by this siRNA at day 10 was
maintained at later time points. Other siRNAs, such as those
targeting SCUBE2, ESR2 and GRB7 caused smaller but sig-
nificant suppression 1n colony size and/or colony numbers,
while CTSL2 siRNA caused a small but statistically signifi-
cant increase 1n colony growth (FIGS. 10A and 10B). The
s1IRNAs that inhibited colony formation also significantly
increased SK-BR-3 doubling time (Table 3). The increased
growth caused by CTSL2 siRNA was also evident from 1ts
significantly faster doubling time than control. While sup-
pression of ACTB and PIK3CA inhibited growth of both
SK-BR-3 and MCF7 cells, CTSL2 eflects were opposite 1n
the two cell lines.

In summary, the Test Cancer Biochip was employed as a
fast, one-step tool for the identification of inhibitors of
anchorage-independent breast cancer cell growth in real-
time. Results from these studies showed cell type-specific
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elfects of some siRNAs as well as effects that are unique to the
3D anchorage-independent nature of the CBCS assay.
Discussion

This mvestigation reports the development of a Test Cancer
Bi1oChip which contains siRNAs for breast cancer targets and
controls in which the effects of the siRNAs were tested on
anchorage-independent growth of a luminal breast cancer cell
line (MCF7) and an HER2 positive cell line (SK-BR-3).
When cultured on the CBC-1, both cell lines formed colonies,
and a high percentage of cells incorporated the tested siRNA,
indicating high transfection efficiency. Comparison of the
percent of cells that formed colonies 1n the presence of all
tested siRNAs revealed cell type-specific responses with sev-
eral responses unique to this 3D assay.

Validation of Positive Controls on the Test Cancer BioChip

In this study, PIK3CA siRNA was 1dentified to be a sig-
nificant suppressor of anchorage-independent growth of both
MCF7 and SK-BR-3 cells on the CBC-1. These results cor-
relate well with findings from previous siRNA screens per-
tformed on these cells grown on flat surfaces. The importance
of PIK3CA for the survival of MCF7/ cells has been shown 1n
a siIRNA screen of the effects of a library of kinases on the
growth of attached MCF7 cells on a tlat surface (Iorns E. et al.
PLoS One, 2009, 4:¢5120). The agreement between the data
presented herein and previously published data on the effects
of PIK3CA on breast cancer cell lines further validates the
elficacy of the CBC-1 for screening of targeted therapies for
breast cancer.

Along with inhibitors common to both tested cell lines, the
Test Cancer Biochip was found to be capable of identifying
cell-specific effects of certain siRNAs. For example, signifi-
cant inhibition of SK-BR-3 growth caused by ERBB2 siRNA
was observed but no effect was observed on MCFEF7 cells.
Inhibiting GRB7, another gene shown to be essential for the
growth of ERBB2-positive cell lines including SK-BR-3,
also caused significant suppression in colony number of these
cells. MCF7 growth on the CBC-1, while not affected by
inhibition of ERBB2, was significantly suppressed by ESR1
siIRNA. These findings confirm the ability of the Test Cancer
Biochip to detect cell-specific inhibitors of anchorage-inde-
pendent growth. This also suggests that positive controls for
CBCS screens need to be selected 1n a patient-specific man-
ner.

Identification of Genes that Exhibit Anchorage-Independent
Specific Effect on Breast Cancer Cell Growth

A unique and surprising finding of the present investigation
using the Test Cancer BioChip was the suppression of anchor-
age-independent growth of both tested cell lines by ACTB
s1IRINA. This 1s the first investigation to report such a finding.
In many assays, ACTB i1s used as a negative control since 1t 1s
a major component of the cytoskeleton. Its suppression 1n
most siIRNA screens for cells growing on flat surfaces did not
alter cellular phenotypes. However, ACTB has been reported
to play a role in the migration, motility, and invasion of

mammary epithelial cells including breast cancer cells
(Yamaguchi H et al. Biochim Biophys Acta, 1773:642-52,

2007). In addition, siRNA targeting ACTB has been shown to
reduce migration of MCEF10A breast epithelial cells in a high
throughput siRINA screen (Simpson K. I. et al. Nat Cell Biol,
10:1027-38, 2008) and to down-regulate AIB1, an adaptor
protein ivolved 1n actin reorganization and polymerization,
suppressed migration, mnvasion, proliferation and colony for-
mation in MDA-MB-231 breast cancer cells (Wang, C. et al.
Mol Cancer Res, 5:1031-9, 2007). While many chemothera-
peutic agents currently act by disrupting the cytoskeleton,
directly targeting ACTB with siRNA may have similar cyto-
toxic effects on the tumor cells. This finding stresses the
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utility of the 3D, anchorage-independent platiorm provided
by the CBCS 1 1dentifying targets for breast cancer therapy.

Another unique and surprising finding of the present inves-
tigation was that inhibition of CTSL2, one of the tested inva-
sion genes, suppressed MCFE7 growth on the Test Cancer
Biochip, but stimulated growth of SK-BR-3 cells. Cathepsins
are lysosomal cysteine proteases mvolved i extracellular
matrix degradation. Their intracellular activity 1s thought to
play arole in cancer progression. Cell type-specific responses
to silencing this gene have been observed. Two RNA1 screens
found that CTSL2 siRNA did not have any effect on MCF10A
breast epithelial cells or human embryonic stem cells. Other
studies have found that inhibition of cathepsin L significantly
reduced tumor invasion and proliferation, increased cell death
and prevented resistance to chemotherapy. While most stud-
1es were performed either on attached cells on flat surfaces or
in mouse models, 1nhibition of cysteine proteases, including
cathepsin L, has been shown 1n soft agar assays to signifi-
cantly reduce colony formation and growth of ras-trans-
tformed NIH3T3 cells and MCF7 cells. The observed stimu-
lation of SK-BR-3 growth on the CBC-1 with CTSL2 siRNA
reported herein was surprising considering that inhibition of
cathepsin L has been shown to reduce SK-BR-3 proliferation
on flat surfaces. This effect may be mediated by the role of
cathepsins in the cytosol, where they appear to play a role 1n
initiating apoptosis. This may explain why inhlibition of
CTSL 1n tumor mouse models has been shown to be associ-
ated with increased intestinal and epidermal tumor progres-
s10n, but with a decrease of pancreatic tumors. This suggests
that the cell-specific effects of cathepsin L inhibition can only
be observed 1n a setting that has high 1n vivo translatability.
The 3D, anchorage-independent features of the CBCS allows
for detection of this phenomenon when screening MCFEF7 and
SK-BR-3 cells. The observation of such a cell type-specific
response to CTSL2 siRNA points out the need for screening
of individual patient cells to 1dentily target therapies, one of
the unique capabilities of the CBCS. In addition, the obser-
vation of effects on the Test Cancer BioChip, but not 1n other
cell based assays, demonstrates the advantage of the more
clinically translatable anchorage-independent growth plat-
form provided by the CBCS.

Two other siRNAs caused large suppressions in MCF7
colony formation and growth (reduced colony size and rela-
tive colony number by more than two standard deviations of
the mean). These include CSK and DMAP1 siRNAs. CSK
siIRNA, which targets c-Src, suppressed MCFEF7 growth, but
not SK-BR-3 growth, on the CBC-1. It has been shown that
silencing c-Src expression 1 MCFE7 cells significantly
reduces cell migration and proliferation. However, it also has
been shown that high-throughput RNA1 screens do not have
an inhibitory effect of CSK siRNA on HCC1954, MCF10A or
human mammary epithelial cells ( HMECs). The present find-
ing supports the likelithood of a cell type-specific response to
this siIRINA and again points out the need for testing individual
patient cells. Targeting DMAPI1 also caused significant inhi-
bition of MCF7 growth on the CBC-1. DMAP]1 1s known to
form a complex with DNMT1 and repress transcription 1n
tumor cells. DNMT1 siRNA caused a smaller but statistically
significant suppression of MCF7 growth on the CBC-1. Pre-
vious studies have shown that inhibiting DNMT1 hindered
growth of MCF7 cells and HMECs. MCF7 suppression by
DNMT siRNA previously was shown for both growth of
attached cells and for cells grown 1n an anchorage-indepen-
dent fashion.

Although the present investigation focused on siRNAs
which caused the most gene suppression, as those genes
would be the most likely candidates for therapeutic targets,
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more minor gene suppressors were 1dentified using the Test
Cancer BioChip. Inhibition of genes including AURKA,
MKI67, BIRCS, FNTB, BRAF and IGF1R previously has
been shown to suppress MCFE7 cell growth. The present inves-

tigation demonstrated only mild suppression of anchorage-
independent growth of MCE7 cells caused by these siRNAs.

Other studies relying on growth of attached cells on flat
surfaces found that inhibiting AURKA and FN'TB suppressed

SK-BR-3 growth. No response of SK-BR-3 cells to these
s1IRNAs on the Test Cancer BioChip was found. These results
point out that the effects of inhibiting certain genes may be

dependent on cell growth on flat surfaces and/or cell-cell
contact. These observations, therefore, further emphasize the
importance ol screening etlects of compounds on anchorage-

independent cell growth.

This investigation demonstrates that the CBCS 1s a power-
tul tool for determining cell type-specific responses to silenc-

ing of individual genes. We 1dentified ACTB to be a novel
suppressor of MCFE/7 and SK-BR-3 colony formation in a 3D
anchorage-independent manner, while previous studies did
not find effects of this siRNA on cells growing on flat sur-
faces. We also found a cell type-specific response to CTSL2
siIRNA.

The results obtained stress the utility of the more clinically
relevant 3D platiorm provided by the CBC-1 for identifying,
targets for breast cancer therapy as well as the need for patient

il

specificity i choosing an etffective therapy. The 3D, anchor-
age-independent platform provided by the CBCS, which
more closely mimics cellular growth 1n vivo, allows for the
identification of effects which have not been observed 1n
assays conducted with attached cells on flat surfaces. Thus,
the inhibitors 1dentified with the CBCS may have improved
clinical translatability. Moreover, the ability of the CBCS to
quantily real-time colony formation and growth allows for

the 1dentification of siRNAs which cause immediate eftects

as well as those which cause downstream effects. Thus, the

CBCS provides many unique features which facilitate the
identification of gene targets for novel, individualized cancer
therapy.

Example 3

Classification of Breast Cancer Tumors

Material and Methods

For these studies, sixteen invasive breast cancer tumors
with corresponding normal adjacent tissue (NAT) from five
patients, and one normal tissue from the other breast removed
for prophylactic mastectomy, were obtained. Three of the
patients were estrogen receptor (ER)-negative, progesterone
receptor (PR)-negative, Her2-negative (N,N,N); two were
ER-positive, PR-negative, Her2-negative (P,N,N); eight were
ER-positive, PR-positive, Her2-negative (PP N), two were
ER-positive, PR-negative, Her2-positive (PN,P), and one
was a sarcoma. The patients possessed different features that

are summarized in Table 4. Ductal Carcinoma In Situ (DCIS)
also was observed 1n 9 patients.
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Patient Pathology Report Summary

# of Patients

Age Range: 28-84 years old

Ductal/Lobular

Ductal
Lobular
Mixed
Unknown

B D O

Stage

pll
pl2
pl3
Unknown

LI Oy W Ba

Node

pNO

pN1

pN4

pNX
Unknown
Present
ER+

PR+
HER2+

Metastasis
Type

[—
R S e Sl BV B

Patient tumor samples were shipped in RPMI-1640 con-
taining antibiotics, 10% Fetal Calf Serum and 2.5 ug/ml Fun-
gizone and maintained cold during shipment. Upon arrival to
the research facility, tissue was immediately processed for
preparation of tumor cells. An aliquot from each tumor
sample was frozen immediately and processed 1n conjunction
with an aliquot obtained from the 1solated tumor cells for gene
expression analysis. Collagenase types 3 and 1 sequentially
were used to digest the tissue and 1solate cells. The cells were
cultured in flasks coated with Geltrex (Invitrogen), an extra-
cellular matrix that mimics conditions found 1n the mammary
gland. HUMEC medium (Invitrogen) was used, which 1s
designed for the culture of human mammary epithelial cells.
Results

To mvestigate the mtrinsic molecular classes of the differ-
ent tissue samples, gene expression profiling was performed
on half of the tumor tissue using Affymetrix GeneAtlas U219
microarrays. For each tissue sample, the expression pattern of
49,386 different probe sets targeting the entire human
genome were examined and 16,317 probe sets were found to
be expressed at a level that 1s higher than background signal.
These probe sets represented 9,149 genes. First, supervised
hierarchical clustering was performed using BRB-Array
Tools to classity the patient population according to their
gene expression pattern. Using the “intrinsic gene subset”

(Sorlie, T. et al. Proc Natl Acad Sci1 USA 100:8418-8423,

2003) which corresponds to 496 genes on the U219 microar-
rays, the patients were classified into five classes; luminal-A

n=4, basal-like n=3, lobular n=2 tumor and 2 NAT, normal-
like n=4 tumors and 1 NAT, and NAT n=3 (data not shown).
There were not sullicient numbers of Her-2 positive patients
to obtain a unique class for using this approach. In fact, both
Her-2 positive patients clustered with the Luminal-A group
since they also had high levels of ER. Interestingly, only 3 out
of the 6 NAT tissue clustered together, with one being the
tissue obtained from prophylactic mastectomy. The other 3
NAT had gene expression profiles that were indicative of
microinvasion, with one patient having almost identical gene
expression profiles for the tumor and the NAT. These obser-
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vations emphasize the need to obtain normal tissue from areas
that are not adjacent to tumor tissue.

Cells were successiully grown from all but 4 of the
patients. From 3 of these 4 patients, a few viable cells were
able to be 1solated, but they did not divide 1n culture. Several
tactors could have affected the successtiul 1solation of cells
from these samples, including the fibrous nature of some of
the tumors as well as the time elapsed following surgery
where the tissue was allowed to dry before 1t was placed in
medium.

Gene expression analysis was used to determine what types
of cells were cultured from each patient tissue prior to appli-
cation on the Test Cancer BioChip. The mammary gland 1s a
complex organ containing several cell types that form ducts
and lobules embedded 1n a stromal matrix. Several mammary
cell types could grow 1n culture including: Endothelial,
hematopoietic, stromal, and several distinct epithelial subsets
of cells. Epithelial cells include hormone receptor positive
(mature luminal (ML)), and hormone receptor negative
(Mammary Stem Cell (MaSC)), Luminal Progenitor (LP),
and Myoepithelial. CD491, EpCAM, Keratin 8/18, Keratin 14
and other markers have been used to distinguish among these
different types of mammary epithelial cells (Yeh, I T et al.
Arch Pathol Lab Med 132:349-358, 2008).

Gene Set Enrichment Analysis was employed using pub-
lished gene signatures for mammary epithelial and tumor-
iitiating cells (Creighton, C J et al. Proc Natl Acad Sci1 USA
106:13820-13823, 2009; Lim, E. et al. Nat Med 15:907-913,
2009) to determine which cell types are mostly present 1n the
tissue and its corresponding cultured cells. FIG. 12 shows
results from GSEA analysis using ML, LP, MaSC or Stromal
cell signatures on patient tissue samples. The Luminal tumors
were found to be enriched for ML markers, normal tissue
(WT) and Normal-like (Normal) were enriched for LP and
MaSC markers, and the Lobular tumors (Misc) were enriched
for MaSC and Stromal cell markers. It1s anticipated that early
passage cells will be much more representative of the tissue
with enrichment for MaSC, stromal, and tumor-initiating,
cells with further passage.

When gene signatures for each mammary cell type in
tumor tissue were examined and compared to cells, only 5
tumor tissues with markers unique for the ML phenotype
were found. Only one of those was hormone receptor positive
in culture (P29). This sample was from an early passage,
while the other samples were from later passages. While later
passage cells did not express mature luminal markers, they
expressed tumor-mitiating, MaSC and stromal markers with-
out any hormone receptor expression. The other patient tis-
sues expressed mostly LP and MaSC markers and were cul-
tured on Geltrex in the presence of HUMEC. Cells obtained
from these patients maintained the LP and MaSC phenotype,
but became only MaSC with further passages (data not
shown). These observations show that tumor-initiating cells
can be cultured from patient tissue and these cells can be
targeted on the CBC-1 for cancer drug discovery.
Identification of Patient-Specific Effects of siRNAs Using the
Test Cancer BioChip

After successtully validating the utility of the Test Cancer
Bi1oChip using well characterized cell lines and positive con-
trols, this assay was used to evaluate the effects of the 35
selected siIRNAs on the above-mentioned primary cells that
were obtained from breast cancer patients.

The strongest response to hormone receptor suppression
by siRNA was observed 1in the patient with a Mature Luminal
gene expression signature. In this patient, immediate suppres-
sion of cell numbers and colony formation by PGR siRNA
with a slightly milder response to ESR1 siRNA was obtained
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(data not shown). Thus, the CBC-1 can identily patients that
would respond to hormone therapy.

PIK3CA s1iRINA was also found to have significant effects
on several patient cells 1n addition to the MCF-7 and SK-
BR-3 cells. PIK3CA s1iRNA significantly suppressed colony
formation and growth in some patients. However, 1n other
patients, it was found that it caused the opposite elfect, 1.€., a
significant increase in colony growth. The response to
PIK3CA siRNA was independent of the intrinsic molecular
subtypes. FIG. 13 shows percent colonies formed from two
luminal-A patients, with one patient showing no response to
PIK3CA siRNA and the other showing an increase in colony
formation. These results show that ER/PR/Her?2 status 1s not
suificient to predict the response to siRNA and thus genes
necessary for tumor growth. Another significant conclusion1s
that a therapy targeting a certain gene, such as PIK3CA, may
be very effective 1 inhibiting tumor growth 1n some patients
but actually stimulate growth of the tumor 1n others. There-
fore, the present studies demonstrate that personalization of
therapy 1s essential for effective treatment of breast cancer.

Another potential gene target for therapy that was 1denti-
fied to be effective for certain patients 1s IGF1R. IGF1IR
s1IRINA significantly inhibited colony formation and growth in
two luminal-A patients, shown 1n FIG. 13 (top and bottom).

Other tested patients, however, showed no response to IGF1R
siIRNA. While ACTB siRNA inhibited colony growth of both

MCEF-7 and SK-BR-3 cells, 1t inhibited colony formation 1n
only one of the tested patient cells (FIG. 13, top).
Discussion

These studies show that the CBC-1 was able to success-
tully determine genes essential for growth of patient tumor
cells and thus 1dentily targets for potential therapy. Compari-
son of gene expression proiiles between the different tumor
classes using the CBC-1 allows for the identification of dii-
ferentially expressed genes that then can be tested on a
higher-throughput CBCS. Furthermore, dysregulated signal-
ing pathways can be 1dentified using the GenMapp soitware
to compare expression 1n the cells relative to normal cells.
These studies allow for the 1dentification of the key genes that
should be targeted with siRNA on the Cancer BioChip with
siIRNA.

For every breast cancer patient, the clinical pathology
report with gene expression profiles can be matched, allowing
for gene expression-based classification of the tumors. Cur-
rently, a small number of markers are employed in the clinic
for classification and diagnosis of breast cancer patients. The
approach presented herein allows for the examination of all
the markers for each type of breast cancer 1n one test. First, the
levels of Keratins, E-Cadherins, p63, ER, PR, and Her-2 will
be individually evaluated, followed by GSEA analysis, to
examine the molecular signature of each cell type in the
mammary gland. This will allow for the comparison of each
patient tumor to others, and for the 1dentification of key sig-
naling pathways that need to be targeted on the Cancer Bio-
Chip. Examination of gene expression profiles from the cells
will further narrow down the number of abnormally
expressed tumor genes that need to be tested on the CBCS for
cach patient.

Testing of these cells on the CBCS reveals the complexity
of each molecular class, and allows for the functional
genomic profiling of each patient. For some patients, target-
ing one gene at a time may not be suificient to block colony
formation. For these patients, follow-up assays may be nec-
essary, testing with different combinations of partially effec-
tive sitRNAs. The results can be mapped using GenMAPP to
show which signaling pathways are most eflective at sup-
pressing tumor growth when targeted with siRINA.
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It 1s envisioned that with the use of the CBCS, breast cancer
patients will be classified based on their response to siRINA
targeting particular signaling cascades. For example, func-
tional genomics classes would be ER, PR, erbb2, PI3kinase
and other gene responsive tumors.

In summary, the CBCS 1s able to identify siRNAs capable
of inhibiting tumor-mitiating cell growth, and provides a
novel way of classilying breast cancer patients. Results from
these studies reveal functional genomic profiles of breast
cancer that can predict 1n vivo response.

It will be appreciated by those skilled in the art that changes
could be made to the embodiments described above without
departing from the broad imventive concept thereof. It is
understood, therelore, that this invention 1s not limited to the
particular embodiments disclosed, but it 1s intended to cover
modifications that are within the spirit and scope of the inven-
tion, as defined by the appended claims.

What 1s claimed 1s:
1. A method for individualized cancer patient therapy,
comprising;
obtaining tumor cells from a patient;
detecting and 1dentifying specific genes and/or gene prod-
ucts 1n the tumor cells to classity the type of cancer 1n the
patient by:
applying the tumor cells to a biochip comprising a first
matrix, a second matrix and a plurality of active
agents, said plurality of active agents targeting the
specific genes and/or gene products, said specific
genes and/or gene products consisting ol proliferation

genes MK167, AURKA, BIRCS5, CCNBI1 and
MYBL2; estrogen-related genes ESR1, PGR, BCL2,
SCUBE2 and ESR2; HER2 genes ERBB2 and GRB7;
invasion genes CTSL2, MMP11, CD68, BAG] and
GSTM1; druggable gene targets IGFIR,
TNFRSF10A, TNFRSF10B, FNTB, BRAF,
MAPK1, PIK3CA, CSK, HSPCA, HDACI1, DNMT1
and DMAPI1; and control genes ACTB, GAPDH,
RPLPO, GUSB, TFRC and cyclophilin;

growing the tumor cells 1n a three-dimensional, anchor-
age-independent fashion;

measuring the three-dimensional growth of the tumor
cells;

detecting cancer cell type-specific responses of the
patient by determining and 1dentifying which one or
more of the plurality of active agents affects the
growth of the tumor cells of the patient; and

formulating individualized cancer therapy for the patient

based on the detection and identification of the one or

more of the plurality of active agents, and administering,

said therapy to the patient.

2. The method according to claim 1, wherein the plurality
of active agents comprise DNA, RNA, siRNA, shRNA, anti-
bodies, small molecules, proteins, peptides, peptidomimet-
ics, pharmaceutical compositions, drugs and combinations
thereof.

3. The method according to claim 2, wherein the plurality
of active agents comprise siRINA.

4. The method according to claim 1, wherein the first
and/or the second matrix comprise at least one transiection
agent embedded therein, said at least one transfection agent
comprising chemical transfection agents, lipid based trans-
fection agents, cationic lipid transiection agents, non-lipid
based transtection agents, electroporation, molecular-based
transiections, laser mediated transiection, pinocytosis trans-
fection, osmotic lysis transfection, microinjection, viral
delivery systems and combinations thereof.

10

15

20

25

30

35

40

45

50

55

60

65

28

5. The method according to claim 1, wherein the tumor
cells further comprise a detectable label comprising select-
able markers, fluorescent markers, fluorescent nanocrystals,
quantum dots, fluorescent proteins, bacternial enzymes, and
combinations thereof.

6. The method according to claim 1, wheremn the first
matrix and the second matrix are comprised ol soit agar,
agarose, hydrogels, methylcellulose alginate hydrogel, poly-
vinyl alcohol-hydrogel, collagen vitrigel, poly(2-hydroxyl-
methacrylate)hydrogels, PVP/PEO hydrogels, copolymers of
2-methacryloyloxyethyl, phosphorylcholine and combina-
tions thereof.

7. The method according to claim 1, further comprising a
means for observing the tumor cells comprising microscopy,
scanning, laser scanning, fluorescence detection, automated
fluorescence detection, a CCD camera, cell counter, auto-
mated colony counter, the human eye, FACS and combina-
tions thereof.

8. The method according to claim 1, wherein the biochip 1s
a calibration chip further comprising positive and negative
control agents which optimize cancer cell culture modalities,
specificity of active agents, transfection methods and repro-
ducibility of the assay.

9. A cancer biochip diagnostic system for individualized
cancer patient therapy, comprising a cancer biochip compris-
ing a first matrix, and a second matrix, said first matrix having
embedded therein a plurality of active agents which target

specific genes and/or gene products consisting of prolifera-
tion genes MK167, AURKA, BIRCS5, CCNB1 and MYBL2;

estrogen-related genes ESR1, PGR, BCL2, SCUBE2 and
ESR2; HER2 genes ERBB2 and GRB7; invasion genes
CTSL2, MMP11, CD68, BAG1 and GSTMI1; druggable gene
targets IGF1R, TNFRSF10A, TNFRSF10B, FNTB, BRAF,
MAPK1, PIK3CA, CSK, HSPCA, HDAC1, DNMT1 and
DMAPI; and control genes ACTB, GAPDH, RPLPO, GUSB,
TFRC and cyclophilin, wherein at least one specific gene of
said specific genes and/or at least one gene product of said
gene products are contained in tumor cells of a cancer patient
which have been obtained from the cancer patient and applied
to the biochip, wherein the first matrix and the second matrix
allow the tumor cells to grow 1n a three-dimensional, anchor-
age-independent fashion, wherein the three-dimensional
growth of the tumor cells 1s measured on the biochip to
determine and identify which one or more of the plurality of
active agents aflects the growth of the tumor cells of the
patient 1n order to formulate an individualized cancer therapy
for the patient.

10. The cancer biochip system of claim 9, wherein the
plurality of active agents comprise DNA, RNA, siRNA,
shRNA, antibodies, small molecules, proteins, peptides, pep-
tidomimetics, pharmaceutical compositions, drugs and com-
binations thereof.

11. The cancer biochip system of claim 10, wherein the
plurality of active agents comprise siRINA.

12. The cancer biochip system of claim 9, wherein the first
matrix and/or the second matrix comprise at least one trans-
fection agent embedded therein, said at least one transfection
agent comprising chemical transfection agents, lipid based
transiection agents, cationic lipid transfection agents, non-
lipid based transfection agents, electroporation, molecular-
based transiections, laser mediated transfection, pinocytosis
transiection, osmotic lysis transiection, microinjection, viral
delivery systems and combinations thereof.

13. The cancer biochip system of claim 9, wherein the
tumor cells further comprise a detectable label comprising
selectable markers, fluorescent markers, fluorescent nanoc-
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rystals, quantum dots, fluorescent proteins,

enzymes, and combinations thereof.

14. The cancer biochip system of claim 9, wherein the first
matrix and the second matrix are comprised of soit agar,
agarose, hydrogels, methylcellulose alginate hydrogel, poly-
vinyl alcohol-hydrogel, collagen vitrigel, poly(2-hydroxyl-
methacrylate)hydrogels, PVP/PEO hydrogels, copolymers of
2-methacryloyloxyethyl phosphorylcholine and combina-
tions thereof.

15. The cancer biochip system of claim 9, further compris-
ing a means for observing the tumor cells comprising micros-
copy, scanmng, laser scanning, fluorescence detection, auto-
mated fluorescence detection, a CCD camera, cell counter,
automated colony counter, the human eye, FACS and combi-
nations thereof.

16. The cancer biochip system of claim 9, wherein the
biochip 1s a calibration chip further comprising positive and
negative control agents which optimize cancer cell culture
modalities, specificity of active agents, transfection methods
and reproducibility of the assay.

17. A method for affecting the growth of cancer cells,
comprising exposing cancer cells to one or more active agents
that target specific genes and/or gene products, said specific
genes and/or gene products consisting of proliferation genes
MK167, AURKA, BIRCS, CCNBI1 and MYBL2; estrogen-
related genes ESR1, PGR, BCL2 SCUBE2 and ESR2 HER2
genes ERBB2 and GR-37 invasion genes CTSL2, MMPI11,
CD68, BAGI and GSTMI; druggable gene targets IGF1R,
TNFRSF10A, TNFRSF10B, FNTB, BRAF, MAPKI,
PIK3CA, CSK, HSPCA, HDAC1, DNMT1 and DMAPI1;and
control genes ACTB, GAPDH, RPLPO, GUSB, TFRC and
cyclophilin.

18. The method according to claim 3, wherein the one or
more active agents are identified by determining which one or
more siRNA inhibit growth of the cancer cells, said siRINA
comprising MK167 siRNA, AURKA siRNA, BIRCS siRNA,

bacterial
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CCNBI1 siRNA MYBL2 siRNA, ESR1 siRNA, PGR siRNA,
BCL2 siRNA, SCUBE2 siRNA, ESR2 siRNA, ERBB2
siIRNA, GRB7 siRNA, CTSL2 siRNA, MMP11 siRNA,
CD68 siRNA, BAGI1 siRNA, GSTMI1 siRNA, IGFIR
siRNA, TNFRSF10A siRNA, TNFRSF10B siRNA, FNTB

siRNA, BRAF siRNA, MAPKI1siRNA, PIK3CA siRNA,
CSK siRNA, HSPCA siRNA, HDACI1 siRNA, DNMT1
siRNA, DMAP1 siRNA, ACTB siRNA, GAPDH siRNA,
RPLPO siRNA, GUSB siRNA and TFRC siRNA.

19. The method according to claim 17, wherein the one or
more active agents comprise DNA, RNA, siRNA, shRNA,
antibodies, small molecules, proteins, peptides, peptidomi-
metics, pharmaceutical compositions, drugs and combina-
tions thereol.

20. The method according to claim 17, wherein the method
1s elficacious for affecting the growth of cancer cells com-
prising breast cancer cells and ovarian cancer cells.

21. A method for treating cancer cells of a patient by
inhibiting the growth of the cancer cells, comprising admin-
1stering one or more active agents to the cancer cells that
target specific genes and/or gene products of the patient, said

specific genes and/or gene products consisting of prolifera-
tion genes MK167, AURKA, BIRCS5, CCNB1 and MYBL?2;

estrogen-related genes ESR1, PGR, BCL2, SCUBE2 and
ESR2; HER2 genes ERBB2 and GRB7; invasion genes
CTSL2, MMP11, CD68, BAG1 and GSTMI1; druggable gene

targets IGF1R, TNFRSF10A, TNFRSF10B, FNTB, BRAF,
MAPK]1, PIK3CA, CSK, HSPCA, HDAC1, DNMT1 and
DMAPI1; and control genes ACTB, GAPDH, RPLPO, GUSB,

TFRC and cyclophilin.

22. The method according to claim 21, wherein the one or
more active agents comprises DNA, RNA, siRNA, shRNA,
antibodies, small molecules, proteins, peptides, peptidomi-
metics, pharmaceutical compositions, drugs and combina-
tions thereof.
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